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PREFACE. 


The book has been written to remove the long-felt want of a 
suitable book of Examples in Physics for the students of our Inter- 
mediate Course. As the books already existing in the field have 
not evidently been wrjtten wfth a view to the special requirements 
of our students, we bring out this publication compiled by authors 
of long experience. 

In the preparation of the book care has been taken to select 
examples which arc at once instructive, typical and important, 
judged from the nature of the problems set in the University 
Papers. A special feature of the book is that problems of every' 
possible variety have been given cither a complete solution or 
direct hints to that effect to guide the students. 

Further, explanatory notes have been inserted by way of help- 
ing the memory of a student in the proof of an important formula 
which he has culled from the text books. 

To make the publication the more useful, we have inserted' 
the University Intermediate Questions in Physics with their 
Answers. The latter has been arranged in a way as not to render 
full help to the student but just to give him sufficient scope in 
exercising his own intelligence in trying to find the full answers. 
For the covenience of the students the subject-matter of each ques- 
tion has been shown in the margin, morever, in ' cases where a 
question has been reputed, the year, the paper and the question 



>nu tuber of such repititions have also been put in the margin, from 
which the student will be able to realise for himself the importance 
of a question. I 

In conclusion, it may be confidently' said that a student, in 
going through the book, will be able to save much of his time and 
trouble and will be fully competent to answer problems of any type 
set in the University examinations. 


January i, tgi6, 
Cata'Vtta. 


The Publishers. 
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EXAMPLES IN PHYSICS. 

CHAPT^K I.. 


Pendulum. — The formula that holds in the case of a simple 
pendulum is 


2'7r\/ 

i 

where /=tlme of a complete oscillation in seconds 
/= length of the pendulum 
and gs=acceleration due to gravity. 

A seconds pendulum is one which makes half a complete 
vibration in a second 

i.e. 

g 

I. The value of ^ at a place is 9S1 cm* per sec. per sec. Find 
the length of the seconds pendulum. 

Let /= required length of pendulum. 
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2. Show that in 'a place where ^^9871 a pendulum would beat 
seconds if its length were i metre. 

3. If g-i 32*2, what is the length of a pendulum vibrating in 

2’5 seconds ? . ^ 

4. A pendulum is 7 feet in length and it 'dfiakes 10 complete 
oscillations in 20 seconds: Find the value of g at the place. 

^ 5. Find the value of g at the top of a mountain where a 
pendulum, constructed to beat seconds at a place where 950, 
has to be shortened ^ ths of its original length in order to make 
it beat seconds. 


Hints I - IT \/-i_ -IT 

95 ° g 

6. The length of a seconds pendulum is 39*2 in , find the 
lengths of the pendulums which will vibrate in sec and in 2 secs. 

7. Finckthe length of a pendulum which will oscillate 56 times 
in 55 seconds. 

Hints-.— /-S5/s6=3r>/^^>///32 
whence /=37j in. 

8. How tnany oscillations will a pendulum of length 4ft. make 
in one day ? 

Hints t=^s/Tjg^>/ 

The number of oscillations in a day ( 86400 
secs. ) is given by 

9. A faulty seconds pendulum loses 9 seconds per day ; find 
the required alteration in its length, so that it may keep correct 
time ? 

i day =86400 seconds. 

Since the pendulum loses 9 seconds per day, it beats (86400-9) or 
86301 limes jper day i.e., in 86400 seconds, so that its time of 
'oscillation is 86400/86391 second (and not 1 second as it oucht 
to be). ® 



PENDULUM. ^ 


3 


Let its.lenuth be changed from I to /+;*? to make it keep correct 
'time ; sipce» in that case, it becomes a true seconds pendulum, its 
itime of oscillation becomes i second. * 

hence, ... (2) 

* s 

From (i)]and (2) w* — = and 

£ >56391; g 

t, , /8640 o \* 

Subtract.ngTty= 

■ ■'{ ‘*86fe;} 

■ '+ 8 - 611 -. +'“• ■■■} 

by the Binomial theorem. 



“ - ’008^. 

Hence the length of the pendulum must be shortened by *008 in. 

10. A faulty seconds pendulum loses 20 secs, per day. Find 
<the alteration in its length so that it may keep correct time. 



CHAPTER II. 

HYDROSTATICS. 


In solving examples, the following facts may be noted : — 

( The mass of a cubic foot of water is looo ounces or 62*5 pounds. 
Cross-section of a cylinder of radius ^ is ?rr* 

Area of the surface of a sphere of radius r is ^Tr** 

The volume of a sphere is |irr** “ 

Density. — The density ( p ) of any body is given by the 
formula — 

where 

n 

Af =:mass of the body, 

F’=Volume „ „ 

I. A sphere 20 cms. in radius has a mass of 10 kilograms 
Find its density 7 

Density of a body is given by the formula 

^JHI± XT* — o’29 gms ptr cx. 

’mmiflTT *^3i^x8000 ^ 

2. A piece of metal weighs 40*5 kilograms and its volume is 
1500O CX. Find its density 7 

3. Find the density of a substance which is five times as 
heavy as water. Give your answer in ounces per cubic in. 

4. A tank is 8 by 4 by 10*5 cm. What weight of water can 
it hold? 

5. Find the weight of a litre of mercury. (Density of rhercury 
•- 13 * 6 |^s/cc 
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6. A capillary glass tube weighs “3 gm. A thread jof mercury 
10 cms, long is drawn into the tube when it is found to weigh *6 gm. 
Find the diameter of the capillary tube. 

Hints p— >yt. of mercury=5'3rr**io.p=5(*6-*2) gm. Hence 2r. 

7. The mass of 10 cub, ft. of a metal is 800 lbs. Find its 
density in gms. per c.c. 

I = =453*6 g ms. and 1 c«^./f. =283i5 c c. 

Hence =^‘28 gms per c.c. 

/ 8. Iron has a density of 7.76. Find the weight of 100 cub. ft. 
of iron. 

9. Density of glass is 2*5. Find what volume weighs 4.25 gms. 

10. A body weighs 500 lbs. and its density is 4. Find its 
volume ? 

11. A flask when empty weighs 120 gms. when full of air it 
weighs 121 3 gms. and when full of water 1220 gms : ^cu l ate the 
density of water. 

Fluid Pressure-- The intensity of pressure at a point A i.e, 
the pressure per unit area round A at a depth n below the 
surface of a liquid of density P (neglecting the atmospheric 
pressure) is given by 

p^gph.' 

If the atmospheric pressure is taken into account the pres- 
sure at A is given by 

p—gph^if, 

where w is the atmospheric pressure on unit area of the 

surface of the liquid. 

12. Find the pressure due to a column of mercury 50 cms high. 
/ Does the pressure vary with the diameter of the tube in which 
"'^ihe mercury is made to stand 9 

we have 

=981 X 13*6x50, taking ^=981. 
a50'667 X lo^i^iiter. 

^ ssO'667 megadynes. 
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^ 13. Distinguish between pressure an 4 intensity of pressure. 

141 What must be the height of a column of water in order 
that the pressure at its base may be equal to 10* dynes per sq. cm. 

15. The density of sea water is 1.025. ^^>^1 the pressure at 
a depth of 10 feet below the surface in pounds per sq. ft. 

Here volume of water on an area of i sq. ft.s=io cub. ft 

1 cub. ft. of water weighs— 62*5 lbs. 

M fi sea-water „ — 6.25x1*025 =64*0$ lbs. 

10 „ „ „ „ — 10x64*06=640*6163. 

and this is the pressure per sq. ft. 

.*. 10 cub. ft. of sea-water weighs— 10x64*06 640*6 

lbs. and this is the pressure per sq. ft. 

16. A horizontal area of 2 sq. cms. is sunk to a depth of 20 
cms. below the surface of a liquid of density 0.55. Find the pres- 
sure in gms. wt. 

A laboratory is supplied from a tank at a height of 60 ft. 
Determine the available water pressure ? 

^ 18. Find (the pressure at the bottom of a pond 15ft. deep, the 

atmospheric pressure being 15 lbs per sq. inch. 

j 19. To what depth must a circular disc 16 cms. in diam. be 
^ sunk in mercury (density 13.6) in order that the pressure on it 
may be 68,360 gms. ? 

20. A cube, the edge of which is 10 cms. is suspended in water 
with its sides vertical and its upper surface at a depth of 10 cms. 
below the surface. Find the pressure on each of its faces ? 

21. Prove that a body immersed in a liquid sustains an 
upward pressure which is equal to the weight of the displaced 
liquid. 

— ^ 22; Describe how you would demonstrate experimentally the 
truth of the principle of Archimedes and explain what is meant by 
the apparent weight of a body in water. 

23. State the condition of floatation of a body immersed in at 
liquid. 

24. What volume of water • wlU be dis|;^aced by a block of 
waod of 500 gms n^reight. The specific gravity of wood is 0.65. 

25. A piece of cork of mass 100 gms^ and density 0.25 floats 
in a vessel wll of water. Find how much 'water overflows ? 
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26. A lump of copper weighing 16 ozs. is placed in a iumUer 
'and causes 1*8 ozs. of water to overflow. Calculate the specific 
gravity of copper. 

27. The speciflc jg^avitv of sea- water is 1*028 and that of ice 
is *918. What fractmn of the volume of an ice-berg floats out of 
ivater ? 

Let I^=total vol. of the ice-berg, 
volume outside the water. 

According to the condition of floatation. 

Weight of ice-berg=supward pressure of the displaced liquid. 

Li. Kx*9i8=:(F-F»)x 1*028 

♦ whence, — lo^,^ , 

28. An ice-berg floats with only 500 cubic yards exposed. 
Find its total volume f The specific (gravity of ice is 0*918 and 
that of sea- water is 1*035, 

29. A piece of wood weighing 20 gms. floats in water with ^th> 
of its volume immersed. Find the density and theVolume of the 
wood ? 

30. A piece of wood of specific gravity 0*5 is floating in oil 
of specific ^avity 0*8. Find the fra^ion of its volume immersed ? 

' 31. A block of wood 10 lbs. wt. floats in a liquid with |rd of 

its volume above the surface. What weight must be placed on 
(he block in order just to sink it ? 

^ 32. Determine the position of equilibrium of a sphere of glass 

^(density 2*8) which is dropped into a vessel containing mercury and 
and water. (Density of mercury is 13*6.) 

Let K be the volume of the sphere and V* the portion of its 
volume immersed in mercury. 

Then ( 7- F*' ) of the volume of the sphere is in water. 

/. rx2*8=rxi3-6+( r- r )x.i. 

Or J^x 1*8 ■■ F'x 12*6. 

Hence F71^^'i43 « of the sphere will rest in equi- 
librium with only *143 part of its volume 
immersed in mercury.^ 
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Atmospheric Pressure— 

If T denotes the atmospheric pressure in dynes per sq. era. 

then Ttsshpg^ 

wherCf h is the barometric heif^ht 

p ,, „ density of mercury (• 13'596) 

g „ „ acceleration due to gravity. 

The normal atmospheric pressure ue. that due to the 
barometric height of 76 eras, is given by 

13.596 xqSissi, 013^663 dynes. 

In order to express the atmospheric pressure in gras, 
weight per sq. cm. — we consider a barometric pressure due 
to a column of mercury 76 crap, high and i sq. cm. cross- 
section — this quantity of mercury occupies 76 c,c. 

Now, I C.C. of water weighs i gm. 

76 „ „ 76 gras. 

Hence,, „ mercury „ 76Xi3‘596gms 

. «i033 gms. 

Thus the pressure is equal to a weight of 1033 gms per 
sq. cm. 

Again to express the atmospheric pressure in pounds 
per sq, inch, — we cemsider a barometric column 30 inches 
high and i sq. OHa'^dross-section ; this column occupies a 
volume of 30 cub. inches. ^ 

Now I cub. ft. of water weighs 62.5 lbs. 

I cub. inch „ „ lbs, 

1728 

and ’ „ „ mercury „ >c 13.596 lbs. 

‘•30 „ „ „ „ 13.596x30 

5=14.75 lbs- 

Hence, the atmospheric pressure is equal to a weight of 
14*75 lbs. per sq. inch. 
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33. Deduce the pressure per sq. cm*,, corresponding to a 
barometric height. of 70 cms. 

Quantity of mercury in a column 70 cms high and 
1 sq. cm area-i7ox 1 c.c. 

, But weight of 1 c.c. of waters r gm. 

Wt. of 1 c.c. of mercury=3i3.6 gms. 

Wt. of 70 cc. of mercury=7ox 13.6 gms. 

=9520 gms. 

Pressure required =wt. of 9520 gms of 

mercury per sq. cm. 

Otherwise thus \^p:sigph 

=981 X 13.6 X 70 dynes 
=9.34 X 10* dynes per. sq cm. 

34. The height of water-barometer is 30 ft. Deduce the 
value of the atmospheric pressure in ounces per square foot. 

35. What is the height of a water barometer when the mercury 
barometer reads 20 inches ? 

36. Density of glycerine is 1.27. Find the height of a gly- 
cerine barometer when the water barometer stands at 25,4 ft. 

37. What change in the atmospheric pressure on a square 
inch is indicated by a fall of i inch in the height of the barometric 
column, 

38. State Bo)fle*s Law, and explain it ? What is the relation 
between the density and pressure of a gas ? 

39. The volume of a quantity of gas is measured when the 
barometer stands at 70 cms. and is found to be 760 cc. What 
will be Its volume at normal pressure ? 

Normal pressure=weight of 76 cms. height of mercury. 

Now apply Boyle's Law 

Here P=76, and ^'=760 

we have P* ^ =700 c.c. 

70 T 

40. Find the pressure at which the gas in the preceeding 
question will occupy a volume of 332 c.c. 

41. At a pressure of 78 cms. a quantity of hydrogen measured 
100 cc. Find the pressure when the volume is increased to 150 cc« 
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4 ** At 76 cms pr^ure one litre of air we^hs 1,3 gms. What 
witi be the weight of air contained in a litre flask when the baro- 
meter reads 80 cms ? 

At 76 cms. pressure 1 litre at 80 occupies a volume 
>b 1 || litres (from Boyle’s Law). 

Its weightsff xr3<=r37 gms. approx. 

43 \ A uniform tube closed at the top, open at bottom is 
plunged into mercury, so that it contains 25 cc. or gas at an atmos- 
pheric pressure of 76 cms ; the tube is now raised until the gas 
^rapies 50 cc. How much has it been raised ? 

, 44. The volume of an air-bubble increases six-fold in rising 
from the bottom of a lake. Find the depth of the lake— the baro- 
meter reading 70 cms. (Density of mercury =13.6). 

Pressure at the bottom of the lake— 

ssatmos. press. 4- press, due to h depth of water 
=wt. of 70 < 13.6 cm, of water 4- wt. of h cm. of water 
=wt. of (70 X 13.6+ A) cm. of water 

From Boyle's Law 

(70XI3,6-hA) F=s7ox 13.6x6 F. 

whence A =46.2 metres. 

45* An air-bubble at the bottom of a pond 15 ft. deep has a* 
vt^ume equal to 1/1000 of a cubic inch; find its volume when it 
reaches the surfacei the height of water— barometer being 30 ft. 

46. A quantity of air 3 cc. in vol. and at atmospheric pressure 
is introduced into the space nbove a barometric column which origi- 
n^ly stands at 760 m.m. The column is depressed by 190 tn,m. 
Find the volume occupied by the air t 

Hint— Apply Boyle’s Law. 

* FjPj - 3x760* F,(76 o- 190)} 

47. A barometer tube of uniform bore is 34 in. long. A small 
quantity of air is left in the tube above the mercury, so that the 
barometer registers 30 ^ in. when the true atmospheric pressure 
jjs 30.05 in. Whal will be the true barometeric reading when« 
this barometer registers 28 in ? 

(i) Initially -^volume of enclosed air is (34 -30) *4 units. 

This is at a pressure Fi-(3P.!05*-30)=.a5. 



8 PBGIPIC GIUVIXY. 


II 


( 11 ) Finally, the volume js (34- a8)s6 units, 
and is at a pressuressP^ (Say,) 

Or 4X.05«i6Pi. whence 
This is the pressure of air enclosed. , 

.% True barometric pressures 28 4 - .03 =28.03 in. 

48. Distinguish between density and specific gravit}' of a body. 

Express the specific gravity of lead both in the €• G. S. and 
F. P. S, systems. ^ 

49. A ton of metal occupies a volume of 10 cub. ft. Find its 
specific gravity referred to water as the standard substance ? 

1 ton^224o lbs. 

The mass of a cub. ft. of the metal is» (22404-10) lbs. 

and the mass of a cub ft. of watef^ is 62.5 lbs. 

Hence the required specific gravity (which is the ratio bcttnecn 
the masses of equal volumes) is, * 

224+ 1 25/2 - 448/ 1 25 - 3.58, 

50. A cylindrical glass tube has a length of 21 cms. audits 
internal diameter is 0,8 cm. Find how many grammes of mercury 
will be required to fill the tube 

Mass of mercury in the tube 

' C 3 where o* » cruss-section of the tube. 

aa^X 0.1 6X13.6. 
as 143-6 gms. 

51. r The internal diameter of a cylinder is 2 cms. its length 
is 2' metres and its weight when empty is 175 ^ms, when filled 
with a liquid it weighs 2S5 gms. Find the specie gravity of the 
liquid. 

52. 2 litres of a liquid of specific gravify 0:5 is mixed with 
one litre of another liquid of specific gravity 1.5 and the mixture 
occupies half the volume of its cdmpohbnts. Find the specific 
gravity of the liquid t 

The volume of the mixture is |X3oboaBi5oo c c, 
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If p is the density, the mass of the mixture in gms. is 
Fp-i5ooxpgms. 

/. 1500 xp - (looo X 1.5) -H (2000 X Q.5) 

■■ 1500 + 1000 - 2500 cc. 

Thus P- 2500/1500 -1.6. 

53. Equal weiehts of two liquids of specific gravity 0.2 and 
0.3 are mixed togetner and a contraction of 5 per cent, occurs in 
the volume. Wnat is the specific gravity of the mixture ? 

54. A mixture is made of 7 c.'c. of a liquid (specific gravity 
1.85,) and 3 C.C of water. The specific gravity of the mixture 
is found to be 1.615, Determine the amount of contraction ? 

55. If the specific gravities of two liquids be 2 and 3 respect- 
ively find the specific gravity of a mixture containing 7 parts by 
volume of the former to 3 parts by volume of the latter. 

Total vol. —10. 
mass of 1st sB(7X2)«ii4 
„ „ 2nd-i(3X3)-9 

Total mass*23. 

Hence p- 23/10=: 2*3. 

56. Equal volumes of three liquids are mixed together. The first 
has a specific gravity s. that of the second is 3 and the specific 
gravity of the mixture is 2.6. Find the specific gravity of the third. 

57. Two liquids have specific gravities 2 and 3 respectively. 
7 parts by weight of the former is mixed with 3 parts by weight of 
the latter. Find the specific gravity of the mixture ? 

58. A body weighs 20 gms in vacuo and 15 gms. in water. 
Find its volume and specific gravity. 

Loss in wt.« weight of displaced water 

( by Archimedes, Principle ) 
es(2o-i5)gms-5 gms. 

Vol. of body ■>5 c.c. . 

** Specific gravity « 20/5 «p4. 

V 

* 59. Find the apparent weight of a substance (density 2) in' 
water which weighs lo gms. m vacuo. 
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6 0. Find the volume of a solid which weighs loo gms in* 
vacuo and 50 gms. in water. 

61. A hollow metal stopper weighs 30 gms. in air and in 
water it weighs only 5 gms. The density of the metal being 3 
find the volume of the internal cavity. 

\ 

Here, volume occupied by the metal (excluding the cavity) 

-■v ~io cc.=vol. of displaced water 

=los 5 . of wt. of body in water 
Now, total volume =(30 -5)= 25 c.c. 

Hence volume of cavity=:i5 c.c. 

62. Weight of a body in air is 20 gms. and in water it 
weighs 15 gms. Find its apparent weight in a liquid of specific 
gravity 0.5. 

^ ^3. Two bodies are in equilibrium wh^n suspended in irater 

from the arms of a balance : the mass of one is m ^ and its dfisity 
is Si* If the mass of the other is wh^t is its density 

Volume of the ist. body Vi=mjsi 
'' „ „ 2nd „ wWe 

«• its density 

App. wt. of the 1st body in water 
„ ,, „ 2nd „ „ Wj/y* 

and these are equal, being in equilibrium, 

Hence, mj— 

whence, is found. 

64. Two masses of 28 gms and 36 gms respective!]^ balance 
each other when weighed in water. The specific gravity of the 
first is 5.6. Find the specific gravity of the other f 

63. Two masses A and B are suspended from the two arms 
of a balance and are in eqnilibrium when B is immersed in alcohol 
( specific gravity .795) aud A in Nitric acid (specific gravity L.50 ). 
If the specific gravities of A and B are 19.3 apd 10.57 respectively, 
compare the masses of ttie two. 

65. A piece of metal weighs 100 gms. in air, 70 gms. in water 
and 58 gmiil in another liquid. Find the specific gravity of 
the liquid. 
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Loss in weight in waters loo— 709:830 gms. 

= weight of water diS|Jlaced in c.c. 
Loss in weight in the iiquid=ieo-* 58=42 gms, 

= weight of liquid displaced, 
specific gravity of the liquid 

=42/30=1.4. ‘ 


67. A body weighs 120 gms. in vacuo and 60 gms. in a liquid 
of specific gravity 1.5. Find the specific gravity of the body. 

68. A body weighs 100 gms. in air 84 gms. in water and 78 
gms. in another liquid. Find the specific gravity of the liquid. 

69. Find the specific gravity of a given solid which is lighter 
than water from the following data : — 

Weight in air ->0*2 gms. 

Weight of sinker in air=3.o gms, » 

Weight of soli^sinker in waters 2.45 gms. 

Specific gravity of sinker =7*0 gms. 

Here, Loss in weight due to sinker alone =3.0/7 =0*43 gms. 

Total loss in weight=i3.2 2.45) gms. • • =0,75 gms. 

Loss in weight of the solid=o 75—0.43 =0,32 gms 

* = weight of an equal volume of water. 

Specific gravity of the 5olid=o’2/o.32=’625. 

70. Find the specific gravity of a piece of wood from the follow- 
ing data : — weight of wood*=23o gms., weight of a4>iece of iron in 
waters 580 gm. weight of the wood and fron together in water =465 
gms. 

71. A piece of cork weighing 10 gms. and a sinker weighing 
38 gms. just sink together wl^n maced in water. The specific 
gravity of the sinker being 4.75— find that of the other • 

* 7^. A Nicholson hydrometer required a weight .of 8.35 gms. 
to!be placed on the udper t)an in order to nifdte it sink to a fixed 
mark on the stem. The weights' taken oli when a piece of metal 
was placed in the upper pan gfns ; the n^eights added 

^en the piece o( metal was transferred 'to m lowet pan were 2,92 
^is. Find the specific gravity of the metal. 
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The weight of the metal is evidently«B5«Si gjpis. 
Again the buoyanqy.of the metal i$ 2.99 gms 


Hence, specific gravity 1.99. 


, 73. In an experiment with a solution of salt in water containing 

30 gms of salt in too gms of the solution the weight of the hydro* 
meter was 10 gms and the weight required to make it sink in 
water was 15 gms. The weight required to sink it in the salt solu- 
•lion was 17 gms. Find the specific gravity of the salt solution. 

Here, weight of water displaced 

=s weight of the hydrometer 

+ weight on the hydrometer pan 


= (io+ 15) gm5=25 
Weight of salt solution displaced 


=27 gms. 

Hence^ specific gravity of salt solution 
=!2L=i.o8. 

74. 100 gms hns to be placed in the pan of a hydrometer to 

sink it to the mark in water and 50 gms only in another liquid. 
If the weight of the hydrometer is 100 gms — ^fiind the specific 
gravity of the liquid ? ’ ^ 

75. A flask which when filled with water weighs altogether 
410 grms, has 80 gms. of a solid introduced, and being then filled 
up with water weighs 470 gms. >Vhat is the volume of a kilo- 
gramme of the solid and also tho specific gravity of the solid ? 

76. A nugget of gold mixed * with quartz weighs 12 ounces 

and has a specific gravity 6.4 ; given that the specific jgravity of 
gold i^ 19.35 quartz z.is*- fiind (to oneipUce of decimal) 

the quantity of gold in the nugget. 


Let X be the quantity of gold in the nugget 
Theni2*;ris quartz ,, „ 


Then vol. of * 

and *, quartz— 
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Total vol. contained in thenuggeti^x/i9*35Hr(i2— 

Its wt. is ( )6-4-r2 ozs- 

\ X 2 * 15 * / ^ 

Whence x « 8*9 ozs. 

A lump of metal is known to consist of silver and gold 
but it is not known how much gold ^nd how much silver. '1 he 
lump weighs 20 gms in air and 18.7 gms. in water. How much 
gold is there in the mixture V < 

SpeciHc gravity of goldsig.^* of silver =10.5. 

78. A piece of lead weighs 7.88 gms. in air, 7.19 gms. in water 
7*33 in alcohol. A piece of oak weighs 13.21 gms. in air 

and the o^ and lead together weighs 4.87 gms. in water ; find 
the specific gravity of lead, oak and alcohol.’ 

79. A body of specific gravity 1.85 is weighed in a mixture 'of 
alcohol, (specific gravity 0.82) and water. Its weight in air is 28.8 
gms. and in the mixture 14.1 gms. Find the proportion of alcohol 
present ? 

/ * 

Weight of water displacedssS.S/ 1.85 =15.57 gms. 

Weight of mixture displaced=28.8— 14.1 =14.7 gms. 

.'. Specific gravity of mixture=i4.7/i5.57 *■.944. 

Now, Let V = total volume of mixture 
=volume of alcohol present. 

Then V - F'= volume of water present. 

Hence Fx. 944 =(^"- K»)xi + F* X.82. 

Or Fx.056=K^X.i8.-. P^=,3iK. 

0.3 1 of the volume is alcohol. 

80. The volume of a balloon 4 s 200 cubic metres and ks.v eight 

with car is X2 kilonams. Determine the lifting pouerofthe 
balloon when it is filled with coal gas i litre of which weighsj, 1*193. 
gm.— a litre of air weighing 1.293 gm. , 

Buoyancy per litre=i.i. 

Volume of balloon=20oX 100 x loox xooicc. 

. in litress$200X lox too 

£uoyancy= 3 oox looox i'iss2ao,ooo. 

Lifting PowerssaaOfOoo— I20|00os:xo0|00o=£xoo kgm* ^ 
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8 1. Find the liftin|r power of a balloon of 500 cubic metres 
capacity and filled with hydrogen, (i litre of hydrogen weighs 
0.089 gm. and 1 litre of air weighs 1.293 gm.) 

82. Describe some form of air-pump. If the size of the 
receiver of an air-pump be i cub. ft. and that of the barrel of the 
pump 24 cub. in., how many strokes are required to reduce the 
pressure of the air to one-tenth the atmospheric pressure f 

Let F=vol. of receivers 12 x 12 x 12 cub. in. 
t z/svol. of barrel=24 cub. in. 

density of air before the operation. 

„ after 1st. upstroke. 
pn^ „ „ „ «th. „ . 


Then after the 1st upstroke 
' Vp=iV+v)Pi whence/)*- j^^.p. 

After the «th upstroke Pn= 


By Boyle’s Law, density varies as pressure 
Hence /^«//^=i/io. 


Substituting for V and v , 



Or n\\og 72 -log 73 } =r -log 10= 

Or n ( 1*857 -1*863 } = -«(*oo6)=s 

- whence nss 



83. The volume of the receiver of an air pump is 500 cc. and 
that of the barrel is 75 cc. Find after how many strokes the 
pressure will be reduced to -less than half of its original value. 

84. Explain how to compare the densities of two liquids which 
do not mix *by means of a U-tube. Mercury is pWed at the 
bottom of such a tube and water sufficient to occupy a length of 54 
cms. of the tube is poured into one limb. By how much wiU 
the level of mercury be altered and how much oil must be poured^ 
into the other limb to bring it back to its original positibn ? 

85. The lower portion of a U-tube contains mercury. How 
many inches of water must be poured into one limb of the tube 
to raise the mercury 1 inch in the other, the specific gravity of 
mercury being 13*6 ? 
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Thermometric Scales — The rule of conversion from dne 
scale to another is given by 


F-%2 _C_R 
9 5 4 * 


!• Find the relation between the different scales of temperature. 

2. Convert the following centigrade temperatures into their 
equivalent Fahrenheit 

(i) 20°C (ii) 85 o®C (iiiJ-d^C (iv>-5o°C (v) i8®C. 
(vi) loo^F. 

3. Convert the following into their equivalent Centigrades. 

(i) 230®F (ii) 27®F liii)-io®F (iv)-49°F 

(v) 2I2°F (vi) 32®F. 


4. The freezing point of mercury is given by the same num- 
bers on the centigrade and the fahrenheit scales. Find the temp. 


We have 


32 -C 
9 5 ’ . 


Lef be the reqd. reading on both the thermometric scales 


then] 


or;r=s &r+325^ 
9 5 5 

X =-40. 


S. Convert thfe following Centigrade temperatufes to their 
equivalent Fahrenheit and represent their relation by a graph. 

(i) io®c (2) 20<^r (3) 3o®<? (4) 40®r (5) (6) 

(6) 6o®r (7) 7o®c (8) 8o®c (9) 9®®^ (10) ioo®c. 
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6. Find the temp, vthich is given by the same reading on both 
the Fahrenheit and the Reaumer scales. 

Expansion of Solids— 

Let /o be the length of a body at 
V >1 if »> a atf®C. 

< the linear co-efficient of expansion of the 
substance of the body. 

Then (i) 

Hence /i=/^(i+ott) ... (2) 

And] increase in lengths/^- /o=/o<<^ •••{$)• 

Similarly for surface and volume expansions we have, 
Surface expansion SoSq (i + iS/) 

Volume „ V = Vq ( i +7/) 

where fi^the co-eff. of superficial expansion «2< 
and 7 = „ „ cubical „ =3< 

7. The length of a copper rod at o®C is 100 cms. Find its 
length at (1) loo^C U) i5o®C (3) 5oo®C. 

Here =100 (1 + .000017 x 100) 

= 100x1.0017=400.17 cms. 

8. A bar of steel is 10 yds. long at o®C. What will be its 
length at 3o®C t 

9. The length of an iron rod at o®C, is 100 cms. Find tts 
length at lo^C ? 

10. If an iron steam pipe is 60 ft. long at o®C. what is its 
length when steam passes through it at iOo®C. 

11. A piece of iron wire is exactly 100*24 cms. at 200®C. 
What will be itslength at o®Cf 

Here ioo»2^=Iq (i + -000012x200) 

* s/qX 1.0024 /o=ioocm9. 
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Z2. A brass and a steel roid are each one itietre lon^ at lO^C. 
Find the-'difference in their length at 6o^ C. 

13. A platinum wire and a h^ass wire each measures 300 cms 
at ioo®C. Find their length at o®C. 

14. If a brass yard measure be correct at the temperature of 
melting ice, what will be its error at the temperature of boiling 
water f 


Increase in length=/o<^=36x *000019 X ioobs;o.o684. 

15. An iron bar 2 ft. long at o^O increases in length by a 
quarter of an inch, when placed in a furnace. What is the tem- 
l^rature of the furnace ? 

16. • The length of a certain copper rod is 30 in. at o®C. Wh^ 
is the length of a steel rod at o^C that has the same length as the 
copper rod at loo^C ? 

17. The iron rails on a railway are 5 ft. long. What space 
must be left between two consecutive rails to allow space for 
expansion if the temperature may range over 100^ C ? 

18. The length of a glass tube at o®C is 153*86 cms. and at 
100® it is 154 cms. Find the co-efficient of expansion for glass. 

19. A copper rod is 100 cms. long at o®C • at what temp, will 
it have increased by 1 mm r 

20. Explain why the lengths of the meUl bars of a comfjen- 
sated pendulum should be inversely proportional to the co-efficient 
of expansion of the metals. 

21. A giidiron pendulum has 5 iron rods, each of 1 metre 
length and 4 brass rods. Find the length of each brass rod. 

As the expansion of rods of the same material on either 
I side of the central rod are the same, we have to consider here the 
I expansion of t/tree iron rods and fwo bVass rods only. 

Hence lf,»-° 222 i 89 =i 8 ?. whence to find /*. 

^ 2l *J00001I7 1 17 

22. A gridiron pendulum contains 3 feet of iron rod. What 
length of zinc rod will be required to be used in its construction ? 

Expansion between any two temperatures 

we have /'=/o (i +</). * 
and ' /'=/# 
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r^ o+’W) 

I (i+'t/) 

f—f 

=/(i+</'-«(/+ 

■eaTtl +</'—</). 
ne^lectii^ terms involving square and other powers of <, as 
«l itself is very small. 

Hence /W jr +</*-/,( 

♦ 

> 23. The distance between two marks on a copper rod at lO^C 
is 200.34 in. Find the length at loo^C. 

Here difference in temp.ssQo^. 

Increase in length=l<(^'— ^ 

^200.34x90 X .000017=3*306. 

•* • length at 100® C =3 200.34^* 0.306=3 200.646 in. 

24. What change takes place in the diameter of iron hoop 
which measures 80 cms across at lo^C, when the temperature 
changes to so^C ? 

25. A certain bridge of iron is 30 yds. long. Find its change 
in length during the year, assuming the range of temp, to be 
— I5®C to 459c. 

26. Two bars of iron* and copper differ in length by 10 cms. 
at o^ What must be the lengths of the rods in order that they 
may differ by the same amount at all temperatures ? 

27. ^ A certain clock with an iron pendulum rod is made to keep 
correct time at 5^C. How will its rate alter if the temp, rises 
to 30®C ? 

There are 24x60x60 or 86400 secs in a day 

.*• A correct seconds pendulum will make 86,400 swings. 

Now the period of oscillation of a peAdulum is given by 



or 

li. 
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For + .000012 X 25). 

=/^(i + .0003). 

=/ (1.0003). 

Here if 1 , Vi7oo^3 


No. of swings at 30«C= 

^ =86400(1 + *0003) ^ 

=86400(1 —*00015) approx. 

* Hence the clock loses 86400 x .00015 secs. 

or 12*96 secs per day. 


28. A pendulum consists of a bob suspended by a steel wire, 

whose co-efficient of expansion is i*24Xio“*. If the pendulum' 
beats seconds at o^C, hnd the number of seconds lost per day 
supposing that the temp, is constant throughout the day and equsu 
to 25®C. . 

29. Ah iron clock pendulum makes 86,405 oscillations per 
day ; at the end of the next day the clock has lost 10 seconds ; find 
the change in temperature. 


Times of oscillation in the two cases are 


i 


86400 

86405 


sec and t’ 


86400 

8639s 


sec. 


Since the clock loses, its former length say / has evidently 
increased due to a rise of temperature t to some length / such 
that 


I* ml (1+ 0000117 t) 

But 

^05 y— ■ ■ - ■ 

Or I'oooi i57«(i+'ooooiX70^- I'ooooosSs# + ••• 

whence ««I9*.'8C. ^ 

% 

30. The end of an iron boiler is a circle of^ ft. in diameter 
at o^C. What is the change in its area when heated to 100^ 1 


Area of clrclesXT^asV X ^* 5 ^ >'5 
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Also St v.So( 1+ St ) 

1.5 X 1.51 1 + .000024 X 100). 

A Ch. in area -SV —So” V * 1.5X i.S*.ooa4 
•B.017 sq. ft. 

31. A brass sheet is lo cms long and lo cms broad ato^. 

Find its superficial area at locPC, \ 

32. The volume of a piece of glass at loo'^c is 100.258 and its 
volume at oX is 100 cms. Find the co*efit. of cubical expansion 
of glass. 

Vt -Ko (1470 

100.258=100(141007) 

= 100+100007. 

/. 7= .0000258. 

33. Linear expansion for glass is 0.0000083. Find the volume 
at 15X of a glass flask of exacdy i litre capacity at oX. 

34. A glass vessel holds 6 litres at I5°c. How much will it 

hold at 25X ? ’ ^ ^ 

35. A lump of iron has a volume of 10 cub ft, at ioo^.C Find 
Its volume at 21X (< for iron=.ooooi2) 

Vt =Fo{i+ 7 (^- 0 ). 

fo = Fo(f +.000036 X 75). 

= Fo(i+.oo27) 

3^ < for a certain metal is 0.000017. How much must be the 
temperature raised in order that it ma> increase i per cent* 
in vmuine 7 

The density of a piece of glass at lo^C Is 2.6001 and at 
66^0 is 2.5967. Find the mean co-eflicient of cubical expansion 
•of glass. 

Now we have 

P-Po ii-yO 

»Here i the >n temp, is 50®C. 

2.5967 ■■ 2.6001(1—507) 

2 . 6001 W -507 X 2.6001 . 
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Then 501^ whence y —000026. 

38. The specific sfravity of a metal at o^C is 5. Find its value 
at ioo*C referred to water at o^C. (The co-efficient of linear expans-' 
ion of the metal is 0.000016.) 


Expansion of Liquids— 

The relation between the co-efficient of absolute and the 
apparent expansion of a liquid is given by 

y=sy'+^, where 

y SCO-efficient of absolute expansion of liquid. 

y'= apparent - • 

g ^ expansion of the containing vessel. 

39. The co-efficient of absolute expansion of mercuiy being 
1/5550 and its co-efficient of expansion relative to glass being 1/6480;. 
find the co-efficient of expansion of gtas«. 

40. A g^lass vessel holds when quite full at the temp, of melting 
ice 20 cub. in. How many ounces of boiling water will it hold ? 

( 7 for glasses t>ooo26. ) 


V^^Vo (i+yO 

=s 20 (l + *000026 X 100) aa 20*052 Cub. in. 
Now wt. of 1 cub. ft. of water is looo ozs. 


20*052 cub. in. 


20*052X1000 

— II’O OZSr - 

12 X 12 X 12 


41. A solid at o^C, when immersed in water, displaces 50a 
pub, in ; at 3o^C it displaces 503 cub. in: Find its mean co- 
efficient of expansion between and jo^C. 

42. Mercury is placed in a graduated glass tube and occupies 
100 divisions of the tube, 'rhrough how many degrees must the^ 
temp, be raised to cause the mercury to occupy loi divisions ? 

Now y for mercury«**oooi8 
'g for glass «» *0000254. 
y ... - -(y-g)- *000154 

Again- Fif- Vo (i-f y/) 

loisioo (14* *ooOi54f!*) 

^1 •0*0154^ Or f«E64**93C. 
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43. An iron bottle contains 20 lbs. of mercury at o^C but at 
loo^C it only contains 1973 lbs. < for iron being 0.000012, find 
y for mercury. 

Here the volume of the bottle as also that of mercury 
does not change wj^ile the density of mercury alone changes. 

Then we have 

vp^vp. (i-yo 

^ Or i9.72-»20 (i— looy). 

Or 2oooy»o.28 

Hence 7' **0.00014 

7 *iy+^- • oooi4H-*oooo36 • 0*000176. 

♦ 

44. In an experiment, a piece of glass weighing 45 g^^. in air 
was found to weigh 30 gms. in water at 4'*'C and 30*32 gms. in water * 
at 60^. Find 7 for water, taking that of glass as *000034. 

Loss in wt. of glass in ivater at 4''C 

-'(45-30) gm&«i5 gms. 

/. Vol. of glass at 4X ■■ 15 c.r. 

At 60PC this volume becomes 

15 (1+0*000024x56)= 15x1*001344 
= 15*02016 cc. 


Loss in wt. in water at 6o°C 

-(45— SO’S*) Nms. = i4*68 gms. 
i,e. 14*68 gms. of water at 60X occupies 15*02016 c,c. 

.*. Density of water at 6o®C 

= 14*68/15*02016 
which again = 1—56 7 
or 7= ’00041 app. 

45. The co-efficient of cubical expansion of mercury is *000180^ 
and of brass ‘000060 per 1^. hind the atmospheric pressure ip 
inches of meicuiy at cPC. when a barometer with a brass scale 
(correct at 62'^F. )reads 30 in. at a temp, of sePF. 

i6®*/a C and 50®/^= icPC 

Since the brass scale is correct at c, its true height* 
at io®C 
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*b(i — *00002 X V) where. ^ 

2o/3=s DifF. in temp - 16*/, ^ lo. 

*00002* Lin. co-efft for brass* *00006/3 
=29*996 in. = true reading at io9C. 

Again the height of mercury at o^C that occupies a length of 

29*996 at lo^C. is 

29*996*/ii (1+ *00018x10). 

whence in. 

and this is the required atqiospheric pressure at o^C 

46. A glass flask which holds 100 gms of a given liquid at 20^C 
iiolds 98 gms of the same liquid at 100%. Find the co-efficient of 
.expansion of the liquid neglecting that of the glass. 

47. A weight thermometer contains 176*7 gms of mercury at 
)I5°C and only 174*4 at too^C, calculate the apparent expansion 
.of mercuiy. 

49. The apparent co-eflicient of expansion for mercury in glass 

ris *000154. Find the mass of mercury that overflows from a 
weight thermon>eter containing 360 gms. of mercury, at o®C when 
the temp, rises to 98^0. ^ 

50. The density of water at 6o®C is 0*98 : find the co efficient 
of expansion of water between 4^C and 6o°C if the density at the 
former temperature be unity. 

51. A mass of mercury occupies 8*0144 cub. inches at 10^ C* 
Find the temperature at which the volume is increased by 0*0432 
cubic inches. 

52. In an experiment with Dulong and Petit’s apparatus of 
measiiring the real expansion of mercury the hot column was kept 
.at loo^C and the cold column at o^C. The height of :the hot column 
was 50*9 cms. and that of the cold column was 50 cms. Find the 
.po-efncieat of expansion of mercury. 


50 ' 9"*50 _ *9 
50X 100 5000 


Here 


*00018 
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Expansion ^of Gases 

According to Charles Law 

F==#^o(»+' 7 /) where 

F^tavol. of any gas at of^C 
Vss fiC 

7 =sco-efil. of expansion of gas 
=* 1/273 app* 

Hence increase in volume^ V^yi 

52. A certain quantity: of gas measures 100 cc. at o*C ; Find 
its volume at (i) ioo®C (ii) 150% «iii) 300^0. 

100 > 




53. A litre of hydrogen, at lo^C is heated at constant pressure 
to 283^0. Find its volume. 

54. A certain quantity of gas occupies a volume of 28 litres 
at 21X. Find the volume at o^c. 

55. A litre flask contains 0*9487 gms of air at ioo®C. How 
much will it contain at o^C. 

56* Find the change of volume produced by heating 91 c,c. of 
a gas from o®C to ’24^6. 

Change in Vdl.= V^yi^^i X X 24«8 c.c. 


58. To what temp, must a gas be heated in order that its 
volume may become double of what it is at o^C. 

Here (i+ 7 #)efc 2 Ko 

59 A quantity of air measures 285 c.c, at 77’6®C, Find the 
temp^ when its volume will ^e 230 e»e . 

60. The volume of a certain quantity of air at 10% is 130 c*c, 
and the volume at 31®^ is 140 c.r. Find 7. 

Here 140SS130 (I4>2i7)as 130+21x1307. 
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7= as*-*— • 

21 X 130 273 C 

61. 1 gm. of Hydrogen occ^pi^ ii'i6 litres at and at 
30^C it occupies 12*39 litres under the sanie pressures Find 7 

Chfbrles’ Law in Absolute Tsmpsraturo — 

P^= ro(i +7/) where V - 70I. at fiC 

V » „ r- vol. at fK 

V j + yt 

^ 1 *i-/y273 ^ 273 T 

1+//273 273 + / T * 

where T and T* are temperatures measured on the ^abs 
olute scale. 


Thus we have 


T T 


61, 

100 ^. 


1000 cc. of air weigh 1*293 crm. at o^C. and 0*9487 at 
Calculate 7 for air from these data. 


Then we have 


V 


M M' 


F =(* -'>'0 for - 7 t). 

(i— looy), whsnce 7*o'oo36. 

1*293 


62. 3opposing that a quantity of gas were to occupy 500 c»c^ 
at 80^ and 000 c.c. at 120^ what would be the mean 7 for the gas 
between 80^ and i2o^C. h 

61. Find the densi^ of air in a furnace whose temp, is i2oo°C ; 
the dbisky of air at cPc is 0*001293.'^ 

64. 300 C.C. of air is '.^measured at 27^. what wiD be ifhe 
vtflume at 40^, the pressure remaining constant ? 

Xp!»«* 4 o«c ,, 2 Z 2 ±iio 313^ 

300 273427 300 ^ 
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65 12*38 litres of air weigh i gm at 30^* Find its volume 

at so®C. 

66. A quaYitity of gas measured at (sPc, and 760 mm. has a 
vdume of 354 €.c. Find the volume at 27^0 and 740 mm. 


IV . PV FV' 
We have 


«.e. 


354X760 . 

273 


740Xt^ 


300 


S400 cx. app. 


67. A quantity of air occupies a volume 0.8026 litre at ioo*^c 
and 609 mm. pressure. Find its volume. 

(1) at N. T. P. 

(li) loo^C and 752 mm. 

(iii) — SO®C and 760 mm. 


68. A quantity of gas occupies 580 c.c. at I 7 ^C and 780 m.m. 
pressure. What would be the volume at (a) 30^ if the pressure 
/remains constant, (6) at 30^ and 760 m.m t 

69. The temp, of a quantity of air collected at N. T. P. is 
increased to 7^.18 C. To what the pressure must be changed in 
order that the volume may regain its original value ? 

70. A gramme of gas at 27^0 has the pressure en it halved 
a6d is then cooled until it occupies the same volume as the first. 
What is Its final temperature ? 

71. A mass of air under a given pressure occupies 44 cub. in. 
at a temp, of 13'^C. If the volume of ^heair be reduced to 24 cub. 
in. and the temp, raised to 39^. show that the pressure will be 
doubled. 


72 . A cubic foot of dry air weighs 540 gr. at 14*^ and 30 in. 
pressure. Show that an equal vol. of air will weigh about 535 gm. 
at 7^C and 29 in. pressq^e. 


73. A quantity nf gas is collected in a graduated tube over 
mercury. The volume of the gas at lo^c is, 50 c.c. and the level 
of mercury in the tube is 10 cms. above the level outside ; the 
baromker stands at 75 cm. Find the volume which the gas 
^ould occupy at o^C and 76 cm. barometric pressure. 


PV FV 
T T 


Here. 

Also, Vszio and 7’-(273iMo)-»283. 

iO'=76 and 2^*273. 
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65X50 76 xF* 

O' 

Or 

10754 

-4r2S C.C. 

74. Determine the height of the barometer when a miUigranv 
ef air at 27^0 occupies a volume of 20 c.c. in a tube over mercuryi 
the mercury standiug 73 cms. higher inside the tube than outside. 

75. 3 C.C. of air at atmospheric pressure is introduced into 
the space above the mercury in a barometer reading 760 m.m. 
originally. The volume of air measures 4 c.c. Find the de- 
pression of the mercury column. 

76. At i6^C and 30.6 in. pressure a quantity of gas occupies 
153 cub. in. find its voume at 2 ^c and 29*7 in. 

77. A quantity of gas occupies 40 cub, in. at a pressure of 30 
' inches and temp. 32OC. Find the pressure if the volume is altered 

to 38 cub. in. and the temp, to 5^C. 

Specific Heat : — 

78. 100 gms of water at 50^0 is mixed with 10 gms of water 

oX. Find the resulting temperature. 

79. A body of 10 gms is heated to 100^ and is then dropp^ 
into 40 gms of water at lo'^O. Find the resulting temperature, the 
specific' heat of the body being 0.01. 

Let t be the resulting temp. 

Then, Heat lost by the body in falling from 100^ to t^C 
Heat absorbed by water in rising from lo^c to PC. 

Or iO)c.oi(ioo— f)»4o(f— 10) 
f=9°8C. 

80. Calculate the amount of heat required to raise <0 gms» of 
a metal from a temp*, of 30^ to loo^G and find the resulting tentp. 
if the metal is then dropped into 10 gms of water at 20^C. The 
specific heat of the metal is o’l. 

81. A body of mass 10 gms at ioo*^C is dropped into 10 gms ' 
of wafer at 45°^ and the resulting temp, is 50^. Find the specific 
heat. 

% 2 . 2500 gms of a substance at 95*’ when put in 3000 c.c. of 
water at I5?C produce a rise of temp, of 6^.8C« Find the specific 
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Watar-iquivalent*:— 

VVater equivalent of a bodysit^ mass x specific heatssMf. 

83. Into a calorimeter whose temp, is I5^C is placed 34 gms. 
of water at a temp, of The temp, of the two becomes 2o^C^ 

What is the water equivalent of the calorimeter. 

A + 

Let w be the water-equivalent of the calorimeter. 

Here mass of water a 34 gms. 

Initial temp, of calometer = is^C. 

Temp, of hot water =5o®C. 

Final temp, of water and cal. 2o^C. 

Now, Heat lost by water =:Heat gained by calorimeter. 

Or mass of water x its fall of temp. 

*wx:rise of temp, of cal. 

/.e. 34 (50— 2o)=w(2o— 15) 

Whence ^=204 gms, 

84. What do you mean by (i) a unit of heat (2 specific heat 
of copper « .092 (3) Latent Heat of steam •536? 

85. A coppei* calorimeter of specific hes^ 0.095 a mass of 
J20 ^ms. and contains 280 gms. of water at 15^0. Find the 
specihc heat of a substance when 375 gms of it at a temp, of loo^C 
when immersed raises the temp, of the water to 25°C. 

86. The weight of a copper calorimeter is 1 10 gms. and the 
specific heat of copper is 0.0^5. 406 gms. of water at a temp, 
of i6^C are put into the calorimeter and 60 gms. of a substance 
which has been heated ^to 98^0. Find the specific heat of the 
substance, the resulting temp, being 2i^Q 

Let S be thh specific heat. Then 

(i| Heat lost by the substance -60 x (98—21) xS calories. 

(ii) Heat absorbed 

(a) by water —400(2 1 — 16) calories. 

^ {b) by calorimeter— 1 10 x *095(21—16) calories. 

Hence 60 x 77 xS’eS x (400+ 10*45) calories. 

.% 924 5=410*45 
. •S’=-444- 
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87. A ball of copier 1718 gm at 98% is put into a 

, copper vessel containing 2 Tbs. of water at and the temp, 
of the vessel after the experiment is 2i^C. • the weight of the vessel 
being i lb., find the specific heat of copper. 

88. In order to determine the specific heat of silver a piece 
of the rnetal weighing 21 gms, is heated to 98X and then dropped 
into a caloripeter containing 100 ems. of water at lo^C. The 
final temp, of the mixture is 1 1^. Find the specific heat of the 
silver, the water equivalent of the calorimeter etc. being 3*6. 

89. Determine the specific heat of copper from the following 
.data'^ 

Weight of copper «i6*6sgms. 

Weight of water in calorimeter *49 gms. 

Initial temp, of copper =899.^50 

,, ,, water in calorimeter =12. ^oC 

Final „ of mixture ' - I4.®5C. 

^ Water equivalent of calorimeter, etc =2'i gms. 

90. Determine the specific heat of alcohol from the following 
data : - 

Weight of copper calorimeter •• =20*48 gms. 

^ .. „ -falcohol =70*5 »» 

,, ,, dropped in calorimeter = 10*5 gms. 

Initial temp, of cal.+alcohol *• ■*io®C. 

„ „ copper . — =98 *o°C. 

Final „ mixture ••• =r2*6°C 


91. A quantity of turpentine 250 gms 4n weight, is enclosed in 
a copper vessel whose mass is 35 gms. and is heated to ioo°C. On 
immersing the whole in 535 gms. of water a^ 13*^0 in a copper 
calorimeter iio gms. in mass the temp, rises to 27.5^0. Assuming 
the specific heat of copper to be o*i, find that of turpentine. 

92. A mass of 200 gms. of platinum at po^C is placed in 
100 gms. of. turpentine within a copper calorimeter whose mass is 
30 gms. and temp. I5°C. The final temp, of the whole is 2i7®C* 
Find the specific heat of the liquid if that of the copper be 0*96 
and platinum '032. 

93. A mass of 200 gms. of copper whose specific heat is o'oqc 
is iieated to 100*^0 and placed in 100 gms. of alcohol at 8^ 
contained in a copper calorimeter whose mass is 25 gms. and the 
temp, rises to 28*5^0. Find the specific heat of alcohol. 
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(1) Heat given out is that from Soo gms, of copper when 
dts temp, falls from looX to 28®*5C. 

=200 X .095 X (100-28.5) 

- 19x71.5 

= 1358.5 calories. (i). 

(2) Heat absorbed is divided into two parts 

(a) that absorbed by calorimeter weighing 25 gms. when 
the temp, rises from 8°C to 28®.5'^C. 

— 25 X .095 X 20.5=48.7 calories (o) 

(b) that absorbed by 100 gms. of alcohol of specific heat 
S when the t^p. rises from 8°C to 28.5°C 

= 100 X 8 X 20.5 =2050 5 ‘. . r, .. . (b) 

Now (i)=(a)+(6). 

••• i358*5=48-7+2o5o3‘. 

2050 3 " — 1 309.8 whence S — 0*639. 

94. If the heat evolved by i kg, of water in cooling do^ 
from 100^, to o®C were employed in heating 10 kg. of mercury, 
•initially at 2oX. to what temp, would the mercur3r be raised ? 
{Specific heat of mercury - *033) 

95. A piece of platinum weighing 10 gms. is taken from a 
furnace and plunged instantly into 40 gms. of water at io°C 
The temperature of the water rises to 24^0. What was the tempera- 
ture of the furnace ? (Specific heat of platinum » ’032,) 

96. A ball of fead at 28'^C is put into an iron vess el containing 

2 lbs. of water at I5°C and the temp, of the water ball apd vessel 
after the experiment is the weight of the vessel being i lb 

Find the weight of the ball. (Specific heat of lead =*0384 ; of 
iron=*ii4). 

^ 97. Assuming that the density of boiling water is 0*96 and the 
density of mercury at o®C is ij6. Calculate the resulting temp, 
when equal volumes of boiling water and mercury at o°C is mixed. 

98. *A body heated to loo^C and dropped into 10 lbs. of water 
at o®C raises the temp, of the water by 5®C. What effect would it 
have produced, had there been 15 lbs. of water at 3o®C ? 

phanp of State and Latent Heat : — 

99. ^ 100 gms. of ice at oX are converted into water ato^C 
What is the amount of heat absorbed ? 

,3 
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1 gm. of ice in melting requires 79*5 units of heat. 

100 gms. require 79*5 x 100=7950 units. 

100. 40 gms. of water are converted in ice. What is the 
amount of heat given out 7 

101. What amount of heat will be given out by 20 gms. of 
boiling water when it converted into ice at o^C. 

102. How much mercu^ as 2o*^C would be required to melt 
j kg. of ice at o^C the specihc heat of mercuiy being o'o33 f (Latent 
heat of ice-79'5) 

Let tn be the weight in kilogrammes of mercury reqd. 

/. nHeat lost by mercury = Heat gained by ice. 

Le. m (20—0) X o 033=79*5 ^ L whence »f= 120*5 kg. 

103. How much ice at o®C will be melted by 100 gms. of 
boiling water ? 

104. How much boiling water at ioo°C will just melt 625 gms, 
qf ice f 

105. How much ice at o®C would a kgm. of steam at loo^C 
‘melt if the resulting water was at o^C. 

106. I kg. of ice at o^C is placed in 5 kg. of water at 0° and 
1 kg. of, steam at looX is passed into it. What will be the temp, 
of water, if no heat is lost by conduction or radiation ? 

Let 6 he the final temp, of the mixture. 

(i) Heat given out by i kg. of water at loo^C in con'' 
densing to water at 100^=537 x 1000 units. 

(ii) Heat given out by water at 100^ in falling from loo^ 
to o®C=xooo (100—6). 

(iii) Heat absorbed by 1 kg. of ice at tP to melt into- 
water at o®C.— 79.5 x 1000 units. 

(iv) Heat absorbed by 6 kg. of water at o^ in rising 

from 0° to 6'^C=6x 1000(6— o).. *■ 

As heat given out = heat absorbed^ we have 

1000x537 +(100-6) X 1000 = 79 * 5 + W X too# 

Then 7 e= 557‘5 . or6=79.®6C 
« 107. A mass of iron weighing 400 lbs. and whose temp, 
is 440^C and specific heat *i 14 is {riaoed in a mixture of Ice 
and water. How much ice will be melted^ if the latent heatjofgice 
is 79*5 r 
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108. How many units of heat would cause a mixture of ce 
and water to contract by 5a cc^ if 100 c.c., of water at o^C becomes 
X09 cc. on freezing t ^ 


100 c,c, of water becomes 109 on freezing* 

in this occurs a change of 9 c.c. « 

« Again 100 c.c. of water gives up 

loo X 79*5=7950 units of heat.^ ' 
i.e, for a contraction of 9 c,c. 7950 units are given out. 

•*. Heat given out on a contraction of 50 cc. 

^ ss 44166*6 unit^ 

10^. A mixture of ice and Water is re(;fuced in vollime byj a cu- 
bic millimetre. Wh«it weight of ice has been melted ? 

110. The specific gravity of ice is 0*917. 10 gms. of a metal at 
100^ are immersed in a mixtuie of ice and water, and the volume 
of the mixture is found to be reduced by *125 cc. without change 
of teipp. Find the specific heat of the metal. 


Let 5* be the specific heat required. 

(1) Heat given out by the metal=siox loox 5 

■* *■ = 1000 S' calories 

(ii) Now vol. of I gm. of ice at o®C=i/o*9i7 


“1*0905 cc. 

And vol. of I gm. of water at o®C=i cc. 

Reduction of voU when i gm. of ice is converted 
into I gm. of water at o®C =0*0905 cc. 

Hence mass of ice to unc^ergo a contraction of 0*125 cc. 

•0905 “905*^ 

Heat absorbed by 125/90*5 gms, of ice 


And Heat absorbed = Heat gained 

i^X79‘s=iooo5, whence 
9® S 




ixi« A apramme of tee at o^ .contracts 0*091 cc. in becoming 
water at q%. A^ piece of metal weighing 10 gms. ts heated to 
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50°C and then dropped into the calorimeter. The total contraction 
is'o*o63 cc. Find the specific heat of th^ metal/ taking the lament 
of ice as 8o. 

1 12 Determine the Latent Heat of ice from the following data^ 

Weight of brass calorimeter (sp. heat o.oi) -*-*30 gms. 

^ „ +water —1127 gms. 

Initial temp, of water and cal. ... — 

Final n •• »» ••• — 14^- 

Weight of calorimeter etc. after addition of ice 

* —1137 gms. 

1 13. Det^mine the, [.atent lieat of ice from the following 
data 

Water equivalent of calorimeter (specific heat 0.1) 

— 3 - 

Weight of calorimeter + water —533 gms. 

Initial temp, of water and cal. — 5o®C. 

Final temp, of „ „ — 2o°C. 

Weight of calorimeter etc after addition 

of ice —543 gms. 

114. Find the result of mixing 

(i) 10 gms. Of water at4o'’C with i gm of ice at o®C. 
ui) 2 gms of ice at o^C with 5 gms of water at 2o*^C. 

Examples of this kind should be put to a plreliminary 
examination in order to asccrtriin whether the whole of the ice 
or only a part of it will be melted. This may be ascertained 
from the following considerations : — 

(i) In example (1) above, the number of units of heat 
required to melt 1 gm. of ice«s8o. ^ ' 

Now 10 gms of water evolve in cooling from 40®C to oPC 
■■40 X io=s4oo units of Heat 

Since 4oo>8o, it is evident that the whole of the ice will be 
^ ^ melted. Then the ice will take up only 80 units of heat out 
^ ci the water and the resulting temp, will be higher than 
' Let this temp* be 
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' Then (i) Heat given out by water. ■■ loo x (40—/). 
and (ii) Heat absorbed by ice at o® 

(а) in melting into water at o®=8o x i s=8o units 

(б) In rising from o® to units 

But Heat given out =sHeat absorbed 

iox(4o— 0=*8o+^ 

Or f=34°C 

m\ the result is 1 1 gms of water at 29®.C. 

(ii) In this case only a portion of ice will be melted, »sinoe 
5 gms. of water at 2o®C in falling to o®C evolves 100 units of heat 
and 2 gms. of water at o®C in ^ing converted to water at o®C 
require 2 x 80=160 units of heat only. 

Here 100 <160. only a part of ice will melt, the temp, 
of the mixture being o®C. 

If q denotes the quantity of ice melted. 

We have 5 x 20=80 x q, 
whence 9=1-25 gms. 

115. What will be the result of placing (a) 5 lbs of copper at 
ioo®C (&) 30 lbs. of copper at 8®C in contact with 1.5 lb. 01 ice at 
o®C. (Specific heat of coppers o.i). ♦ 

1 16. 1 lb. of ice ac o®C is put into 10 lbs. of water at 26.5®C« 
What is the final temp T 

117. 10 gms of snow at— ro®C are mixed with 120 gms. of 
water at 8o®C. Find the final temp, of the mixture. 

Latent Heat of Steam : — 

1 18. Find the Latent heat of steam from the following data— 

Weight of calorimeter (sp. heat. .092)— 80 gms. 

^ Wt. „ „ ,f and water ••• —180 gms. 

Initial temp • ••• ••• — io®C. 

Final temp. ... ... — *8o®C. 

Weight of watcr-f calorimeter after the experiment 

—1934^ gms 

Temp, ot steam -wiooX 
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From the above we have — 

'Water equivalent of calorimeter -> 8o x .09 ■> 7.2. 

Wt. of water in calorimeter =100 g^s. 

Wt of steam condensed =13*42 gms. 

Now Heat giveu out by the steam = Heat gained by water 

Or 13*42 xZ +13.42 (ioo-*8o) 

= (100+ 72) X 70 
.-*7504. 

13*42 1=7235.6 .*. Z— 540 units 

1 1 9. A calorimeter whose water-equivalent is 48 gms, 

352 c.c. of water in it and the whole weif>hs 882 gms. Into this 
steam at atmospheric pressure is condensed lill the temp, rises 
from 12^.2 to 18^.70 and on weighing again the calorimeter weighs 
S86.2 gms. , Calculate the latent heat of vaporisation of water. 

120. It is found that one pound of steam at loo^C when 
passed into 15 lbs. of water at cPC raise the temp, of the water to 
40°C. From these data calculate the latent heat of steam. 

121. Amass of 200 gms of copper (sp. heat 0*1) is hung io 
a closed chamber at a temp, of IS^-SC. Steam is then admitted at 
the normal atmospheric pressure. Calculate the mass of water 
condensed by the copper, the latrnj heat of steam being 536. 

Heat taken up by the copper in rising from 15°*5C to 

lOO^O (the temp, of the steam) 

• 200 x*ix (100*15.5) 

* 1690 units. 

This heat is given out by x gms qf steam in being con- 
densed to X gms of water at loo^.C 

•*. 536 jr= 1690 units. 

Or :r-'3*i5 gms 

122. Steam at zoo'^C is passed into a copper calorimeter 
weighing 100 gms. and containing 500 gms. of water at 15®C until 
the temp, of the calorimeter and its contents rises to 25^0, Cal- 
culate the weight of steam cohdensed* Given the specific heat 
of qppper=o.i and latent heat of steam =53^. 

123. 15 gms. of steam are blown into 80 gms. tCe-cold water at 
ePC, Find the rise of temp, produced. The water equivalent ad 
the calorimeter is t5''gms ; latent heat of steam is 536. 
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1424. If 25 gms of steam at ioo®C be passed into yx) gms of 
ice-cold water what will be the temp, of the mixture t Tthe latent 
4>f heat of steam is 536. 

1X5. A vessel containing 10 gms. of ice is held over a flame. 
How much heal will be required to melt the ice and vapourise it, 
•cempletely f Latent heat of icessSo ;'^of Steam=:536. 


Vapour Preasure— 


126. 100 c.c. of oxygen saturated with water are collected at a 
pressure of 740 fhm. and a temp, of I5®C Find the volume of dry > 
.oxygen at o®C and 760 mm. having given that the maximum pres- 
sure of aqueous vapour at 15^C is 12*7 mm. 

Now pressure of the mixture 

= pleasure of oxyg^en-f* pressure of 


aqueous vapour. 

A Pressure of oxygen • 740 — 127 =727*3 
Volume of oxygen = 100 cc. 

Temperature „ =.1500=288 absolute 


Apply 


Tx 


Substituting, 


Tx 

727-3 X 100 _76o 
^8 273 


whence 


727*3x100x273 

288x760 


=9o;7 c.i. 


127. The boiling point of water at the sea level is ioqOC and at 
.a higher level is po^C, the temperature of observation at the two 
.places being i iX and 5*C, respectively. Find the differerice in 
devcl. (The density of dry air at o^C and 760 m.iw. is *001293) 

From the table, knowing the boiling point we can get the 
atmospheric pressure at the two places and these are here 760 
m.m. 525 w.m. respectively. Then the mean pressure 

•^l76o-f5a5H-64a*5 

and die difference of pressure is±=(76o— 525) 

=235 m.m. 

S23.S cms. 
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The meAn temp, is 8^C. 


Again, a column of mercury i sq. cm. cross section an 3 
23*5 cm. high weighs 13.6x23*5 gms 333 19.6 

and this ' is the mass of a* o^umn of air 1 s^. cm. in area 
between the two stations. Again, the density of air at the mean* 
pressure and temp. t\e. at 642*5 m.m. and 8^C. 


.001293x642- 5 x273 

760x281 


= .00106 gms. 


« Hence, the difference in level 

mass of the air column 
“ average density 
319 6 

=^^=3015-09 metres. 

128. I litre of di7 Hydrogen at o®C and 760 m,m, weighs' 
0.08936 gm. Find the weight of 1 litre of Hydrogen collected over 
watrer at 2o®C (Vapour P'-essure at 2oX= I7.39». 

129. Calculate the hygrometric state of air from the following 
data : — 

Actual temp. •— I4®.5C, 

Temp, at which dew appears - — 9®.2c. 

Vapour Tension of water at 5®c— .0087 mm. 

>1 ff »» I0®C— .0122 ^ 

i» If ft >• 

Mechanical Equivalent of Heat— 

From the principle of conservatTon of energy we know 
that the various forms of energy may, though not always at 
will, be transformed one into another. 

Thus when work is transformed into heat, — the quantity 
of beat produced is equivalent to the amount of work expend- 
ed in its production, and conversely, when heat is transformed 
into work, the amount of work produced is equivalent to 
the ^quantity of beat expended in its productions ; but work 
is expressed in ergs and heat in calories ; hence in order to 
transform one system into the other we multiply the quantity^ 
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of he^t by a constant J, which is called the Mechanical equi- 
valent and is equivalent to the work done in producing unit 
quantity of heat. Thus in all cases we have 

W^JH 

* 130* From what height must a block of lead fall in order to 
have its temperature raised through loX. (Specific heat of lead* 
=^ 3 )- 

131. A' tube of 4 ength / cms is closed by two tightly fitting 

corks ; m gms of small lead shot at are poured Into the tute 
<^the tube being closed and held vertical— it is then inverted so 
that the shots fall along the whole length of the tube. This opera* 
tion is repeated n times. Then the shot being removed from the 
tube, the temp, of the former (t.^. ol the shot) is noted and is found' 
to be Determine J. 

Here weight of lead shot in grammes 

I ssdistance in cms. the shot falls each time 
number of times the the tube is inverted 
(^'»/)«rise of temperature in centigrade degrees. 
r«speci6c heat of lead. , 

The work done by gravity 

sanxmXl gm. cms. units. 

Heat gained by lead Xs'k {t'—i calories. 
nml nh 

132. Calculate J from the following 

Weight of lead — 434gm8. 

Specific heat of lead —0.03x5 

Vertical height of fall —67.7 cms. 

Rise in temperture — 2°C. 

Number of inversions —40. 



CHAPTER IV. 

LIGHT. 


In all cases ofwbtking out examples on Light students *are advised 
ito draw neat diagrams with black lead pencils. 

Shadows ; — 

« 

1. A man 5^ ft. high is standing at a distance of 10 ft« from a 
street lamp 1 1 ft. high. Find the length of the man’s shadow upon 
the ground. 

2. The diameter of a circular uniform source of light is 3 inches 
and it is placed at a distance of 20 ft. from a sphere of 3 inches 
.diameter. Find approximately the diameter of the umbra and 
penumbra cast on a screen 10 ft. beyond the sphere. 


Draw ^ figure first. 

Diameter of source of light 3 in 


„ sphere 


3 in 


Diameter of umbra 3 in 

Internal diameter of penumbra « 3 in 
External ,9 „ „ 6 in. from similar triangles. < 

3. Outside a small hole in the wall of a dark room 10 ft. square 
is a tree 15 ft. high and distant 56 ft from the wall. The image ^ 
the tree falls on the wall of the room. Determine the height of this 
•image. 


Velocity of Light : — 

4. Light takes 16^ minutes to travel across the earth’s orbit^ 
•the diameter of which is 296,000,000 kilometres or 184^000^00 miles. 
Calculate the velocity of light. 

§* diameter of the earth is 8000 miles and that of the sun 
■is 860,000 miles. The earth is 93,0009000 miles from the sun. 
Wnat is the length of the earth's umbra ? 

6. If it takes 20 years for light to come from the star Sirius to 
'Jthe Earthy how far away is the star ? 
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Distancf! reqd.«2o years in sec^ X veK of light. 

7. If the star Arcturus, distant 600,000,000 ,000, 000 miles from 
the earth were to explode suddenly how long would it be before 
^tronomerr could detect the fact ? 


% 

Photomairy ; — 

t 

The intensity of illumination at a point illuminated by a 
source of illumintiting power I, at a distance r from it, is given 
by P«I/r», 

As 1 is constant for the same source of light, P< i/r*« 
This is known as the Law of Inverse Squares. « 

Again if another source of light of illuminating power V is 
placed at a distance / from the same point so as to produce 
.an equal illumination at the point, we have 


Or 




Or 


/ 

I ^7^ 


This is the law of Direct Squares or the Principle of Pho- 
tometry. , , 


8. Two sources of light of candle powers 2 and 6 respectively 
^e placed at distances 4, and 10 cms on either side*of a cardboard 
screen. Compare the illumination on the two sides of the screen. 


Illumination due to the first = 


‘i* 


. 6 3 

f, second— 

Their ratio | ; ^^—2^ : 1^. 


”/• ' 100 50 


9. Coi|ppare the intensity of .illuminaion at a place due to ( ii a 
.gas lamp, at 500 C.P. placed 10 ft. high and (11) an arc lamp of 
1200 CP. placed 60 ft. nigh. 



A standard candle and a gas flame of 9 candle power are 
20 cms. apart. Find where must a screen be placed 
them so that the latter may be equally illuminated by each. 
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Let X be the re^. distance as measured from the standard 
candle. Then its distance from the gas flame is (20-*4r) cms. 
Then for equal illumination on the screen due to each we must 
have 

9 

• jr* (20 -a:)* 

20 - 4 ?s=± 5 r . 

ap-+S or -i6. ^ 

i e. Corresponding to the two values of x there are two 
positions where the screen may be placed ; one of these is 5 cms 
to the right of the standard candle t,e, between the candle and 
the gas flame, while the second is — lo cm. to the left of the 
candle. 

IX. Two lamps of 8 and 32 c.p. are flxed 120 cms. apart. 
Where on the line joining them must a screen be placed so as to be 
' equally illuminated by each ? 

12. A gas flame of 16 c.p. and a lamp of 9 c.p. are placed 14a 

cms. apart. At what distance must a g a s fla me of be placed 

so as to p f od w o e-an equaiyilumtnatibd eltbe>^siw£aee^ 

13. A 10 c.p. lamp is placed i metre from a surface. At what 
distance must,a gas flame of 16 c.p. be placed so as to produce an 
equal illumination of the surface ? 

14. Two sources of light A and B placed too cms. apart lie on 
either side of the screen of a photometer, A having 4 times the 
power of B. Find the position of the screen so that its sides shall 

equally illuminated. 

15. In the above example, if a semi-transparent sheet which 
cuts off 5/9 ths. of the light falling upon it be placed immediately 
in front of the source B, in what direction and how far must the 
photometer screen be moved in order that its sides may be equally 
illuminated. 

Let the photometer screen be moved to a distance d from> 
the source B 

Then its distance from A is 100— d. 

Again di-4f? and since the semi-transpareiu sheet cuts 
off 5/9 ths. of the light from B^ only 4/9 ths. of its illumination 
passes through. Hence we have ^ , 

AB ' 


(100— 

^ whence d^2$ cms. 


100- 



PLANE MlRftORS. 


i6. Liffht from a 32 c.p. lamp falls on a silvered mirror and 
is reflected thence to a grease-spot photometer. . The distance from 
the lamp to the screen via mirror is 15 cm$. If the mirror reflects 
90 percent of the light falling on it where must a 8c.p. lamp be 
placed in order that the grease -spot shall disappear. 


* Reflection from Plane mirrors : — 


17. A plane mirror distaVit 10 cms. from an object is 
moved back 10 cms. parallel to itself. How far does the image 
move ? 

18. The image of the moon 32“* above the horizon is observed 
in a tranquil pool. Find the angle of incidence and reflection. 

Angle of incidence=9a*-32''— 68*^=angle of reflection. 

19. What is the deviation produced by reflection on a plgne 
mirror, when the angle between the incident and the reflected ray 
is6o® ? 

Hint— The deviation=(7r— 60°) 

^^20. A ray of light incident on one of two mirrors inclined at 
an angle to each other, in a direction parallel to the second mirror 
retraces its own course after reflection at the second 'mirror. Find 
the angle between the two mirrors. 

Hint — The ray falls normally on the second mirror. 


v2i. Find the angle between two mirrors in order that a ray 
incident on the first and parallel to the second may after reflection 
at the two be parallel to the first. Illustrate your answer by a figure. 

22. The number of images due to a source of light between 
two mirrors inclined to each other being given by the formula 
^ —I where Q is the inclination between the mirrors, find the 
number of images for the following values of 0 (i) 0° (2) lo*^ (3) 30® 
<4) 45® (5) 60® (7) 90^ What happens when the two mirrors are 
paralld? Draw the figure in each case. 

Spherical mirrors ; — 


The connection between the focal length f and the 1 
distances u and 0 of the object and its image produced by a 
spherical mirror is given by tbe formula | 
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where r being the radius oi curvature of the mirror* 

i; Agsun, it is to be remembered that / is positwe for » 
\ concave mirror, and negative ^or a convex mirror. 


Magnification produced is given by 





where Isslinear dimension of the Image 


, — also. 


23. A bright object 4 inches high* is placed on the principal 
axis of ^ concave spherical mirror at a distance of 15 inches from 
the mirror. Determine the position and size of the image> the focal 
length of the mirror being 6 inches. 

Here we have 


I ^ I I 

— +7“ orw-iom. 

v IS 6 

Again -g«-butg=- 

Hence m. 

Thus the image is 10 in, in front of the mirror and 

IS in high. 

24, A candle flame is placed 25 cms. away from a concave 
mirror whose radius of curvature is 80 cms. Find the position and 
naturj^tfeejm^ 

25. in what position must a candle flamf^ be placed in front of 
a concave mirror of focal length 40 cms, in order to give rise ta 
an image four times as large as the object ? 

Wc have 

III 

Then — + -SB -- whencea ssco eras.* 

4u u 4Q * 
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Thus the candle must be placed 50 cms from the object for 
thejreal image. 

Again, for virtual im age, w here v w® have 

— SS-*. whence m •• 30 cms. 

* 26. Where must a candle be placed in front of a concave 
mirror of radius of curvature 80 cms. in order that a real image 
five times as large as the object may be formed. ^ 

27. The linear dimension of an object placed in front of a 
convex mirror of 3 in. focal length is twice that of the image 
Determine the position of the image and that of the object. > 


Here, 


/ V , 

m i 

0 u “ 


« = 2V. 


whence — + 

2V 


I 

V 



whence and «=s9, 


28. At what distance from a concave mirror of focal length f 
must an object be situated so that the image may be (i) of the 
same size (ii) one -quarter of the size of the object ? 

/ 29. Determine the size of the image of an object held at a 
distance equal to its focal length in front of a convex nyrror. 

30. At what distance from a concave mirror must an object ' 
be placed so that its image shall be magnified n times. 

The distance will depend on /, the focAl length of the 
mirrof since the magnification is to be n times the object, we 
must have 



Or V = nru ( numerically ) 

Here care should be taken to notice the signs of v and u. 
In the case of a real image v and u are positive and v-sstn u i 
but when the image is virtual, v is negative and«» — n «. 


Thus there aie two solutions 

(i) I mage real. 1 n the equation 


Putting 




I __ I 


v^n u 



we get 


whence uss(n + 1) //«# 
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(ii) image virtual.— Substituting in the above equation 
M we get 

j 1 

^ u nu’^ f 


Or (>i~i)/«w= ^ whence M=(»-iy/». 

31. A concave mirror of 2 ft. focal length is placed i ft. from 
an object. Find the change in the position of the image produced 
,by moving the object 1 in. nearer the mirror. 

Here in. and 12 in. 

Then whence v-— 24 in. 

Again, when the object is moved i in. nearer, «=ii in. 

Hence A whence w' — — 20*3 in. 

i\e, the image moves through (24—21.3) -3.7 inches 


32. Prove that when an object is placed midway between a 
.concave mirror and Us principal focus the image is twice as large 
as the object, 

33. An object 2 cn\s, high is placed 1 metre away from a 
spherical concave mirror of 23 cms. radius of curvature. Calculate 
the height di the image. Will it be real or virtual ? 

34. An object is placed jjjCms. from a concave mirror whose 
focal length is 10 cms. lMn 3 where the image is. Is it or 
virtual, erect of inverted, and what is its size, if the object be 42 
m.m. broad and 14 m.m. long? 

35. Determine the size and position of the image of an object 
X in. high placed 10 in. from a convex mirror 20 in, in radius. 

The focal length being one half the radius of curvature is 

10 in. and is negative, the mirror bpihg convex. 

Then the image is at a distance given by 

L i 

V 10 10 

Or 5 in. 

Thus the image is virtual and is formed 5 in behind 
For the size of the image we have 

' s J = L 

0 U 10 2 

I « — |4n., the object being 1 in. high. 
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Thus the image is | in. long and is inverted. 

36.^ Find the nature, position and magnitude of the image of 
an object placed 50 cms. from a convex mirror of 15 cms. focal 
length. Verify graphically. 

37., The radius of curvature of a convex mirror is 12 cms. 
and* an object 2 cms. length is held 3 cms in front of the mirror. 
Find the nature, position and magnitude of the image. 

38. An image 2 in. long is formed by a convex mirror by an 
object placed 12 in. from it. Find the focal length of the mirror^ 
length of the object being 6 in, 

39. An object 2 in. tong is held 4 in. from a convex mirror 
whose radius of curvature is 8 in. Find the position the image. 

40. When a gas flame is placed 32 cms. in front of a mirror, 
it is found that the image is 12 cms behind the mirror. Find the 
radius of curvature and the focal length of the mirror. 

Since v is behind the mirror, it is negative. 

Hence — — + * = 4 whence /■«— 10*2 cms. 

12 32 / ^ ^ 

and rss— 38*4 cms. 

41. An objectr2 m.m. in length is placed 35 cms! in front of ' 
a mirror and the real image Is found to be 4 m.m. high. Find the 
4 oca] length of the mirror. What is the focal length, tf the image is 
virtual ? 

42. Determine the position and focal length of a mirror re- 
quii^gd to throw on a wall the image of an object, magnified 6 times 
and distant 15 cms. from the walU 

43. An object stands 12 cms. from a wall. It is required to 
throw an image magnified 5 times on ihe wall. State what sort of 
mirror you require and find the focal length of the mirror. 

. 9 

/ff iite ms5=^ orif=:5« 
u 

and w+I 2=35« or tt=3 
v=s;|5. Hence etc. 

44. A concave and a convex mirror, each 20 cms. in radius, 

are placed opposite to each other and at 40 cms. apart on the same 
axis. An c^ect 5 cms. high placed midway between them. 
Find the position and size, if the image is formed by reflexion first 
at the convex# then • at the concave mirror. Trace carefully 
a ray |rp|ii a point on the object to its 'image. ^ 
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For reflection at the convex mirror, we have 
u=i2o and y=— 10 



Again, for reflection at the concave laitrror 
uss:4o+2o/ 3- 140/3 and /— lo * 

I « I 

or VSSI40/1I 

V 140 10 

Now for magnification, that due to the convex mirror. 

L_» ig 

O “* w ■ ■ s 20 


And owing to the concave mirror 

J L-2 

0 ~ 5/3 »* 

Here v =140/11 and u =140/3 /. vfu=s^ii 

Sotliat =3/11 I. e. I=s/ii 

45. An object is placed at a distance of 8 inches fron;i a concave 
mirror i ft. in radium. A plane mirror inclined at 45^ to the axis 
of the concave mirror passes through its centre of curvature ; find 
the position of the image formed by leflect ion, first at the con 
cave, then at the plane mirror. 

For reflection at the concaya mirror we have • 

ttav8, /=6 


If I 

•* T+T=T , 

t • 

or v««24 in. from the concave mirror t,e, 12 

inches from the plane mirror. 

.*. its image due to the plane mirror* is on a Hne peipendi- 
cular to the axis and distant 1 ft. from centre. 


^ Rifmction at a Plana Surface ; — 


46. A ray of light passes from one medium to a second mak- 
ing an angle of incideifce3B4^ and an angle of refractt«itk3D^» 
Find the refractive index lot the medium. ^ 
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/•'« sin 4S'’/si»3of’= = •/%. 

47. A ray of light is incident at 60^ to the normal, if]pon a polish- 
'ed glass surface. The refracted ray makes ah angle of 90^ with the 
refl^tW ray. Find the refractive index for glass. 

48. Explain why a straight stick partly immersed in water in 
an oblique position appears bent at the surface of the water. 

49 A ray of light is incident ork a gl;|ss plate at an ^ngle of 
'160'^ and the refractive of index of the glass is >/!. Find the angle 
of refraction. 

50. The critical angle for a given medium is 60®. Find the 
refractive index for the medium. 

Here =8in 60°='^ 

51. The sine of the critical angle for two media is What 

is the* value of the refractive index from the rarer to the denser 
medium t ^ 

52. The r^ractive index of water and turpentine are 1*33 and 

1*47 respectively. Find the critical angle for a ray passing from 
turpentine to water. • 


. be refract, index from air to another medium 

^ At 

^ I, „ „ a second medium 

I 

, from the, first medium 


^If 
and 

Then ^ ^ ,, 

Xo the second is given by 
' ' in this case since * *33 and ^ y “ **47 

the refractive index from turpentine to water 




, =|^='905app. 

the required critical angle 
«aSin asSin 


•9053:64®.$. 


53* Find the .absolute refractive index for a liquid, given , 
that tte relative refractive « index from the liquid to glass is 
and the absolute refractive index of glass is 1*512. 
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54. Find the refractive index from e^lass to dvater from the 

following data :- " ^ 

Refractive index for air and water—} 

If II >• $t u gifiss— i*5» 

55. Explain the apparent rising of \ picture stuck on to the 
bottom of a cube of glass so that it appears to an ^e looking down 
as if it were in the glass. H the index of refraction be 1*6, how 
much does the picture appear raised to perpendicular vision 7 

If a ^ the thickness of the cube, then we know that'" 
the virtual image of the picture appears raised than the object 
itself, the distance betvieen the object and the image being— 

a i)//^ where /*'■* 1*6 from above. 
Substituting wc get ja 

i,€, the image appears raised by 5/8 th» of the thickness- 
of the cube. 

*56. A rectanc^lar piece of glasa plate is put 

between the eye of an observer and an ^ject. Find the alteration 
that takes place in the apparent distance of the object from the eye> 
the glass plate being 5 in. thick.^ i 

^7, A vessel is 6 in deep and and filled with alcohol. 4Whati 
is the apparent depth of the liquid ? 

s8. A vertical microscope is focussed on a mark on the bench. 
A plate of glass 2 in. thick U then interposed ; the microscope is 
now raised through 2/3 in. for the mark to be still in f6cti& What 
h the refractive index for glass 7 

Here we have the thickness of the plate aa:2 in. Then 
the mark will appear raised when viewed through the glass by 
an amqmnt. 

I e. 2(/A'- i)//^-a /3 or ^'-3/2- 

59. A mark is made on the bottom of a small trough of glass 
plac^ under a nncroscope so that the mark is in focys ; water is 
now poured on the trougn to a depth' of 4.6 cms. and the resulting 
displacement of the imago i3 1.15 cms. Find the refractive index 
for^water. 

*/ 60. The angle of a prism is 60^ and its refractive index is- 

1.414. Prove that the angle of tninhndm deviation for a ray pass- 
ing through tt» is 30^. ' 
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It can be shown that i^en a^y of light passes through a 
jprism of angle A and in the position ot mintrnum deviation, 
then . p 

^ f** « Sin “^/Sin A/2 « 

Vhere 8 angle of minim tim deviation. 

Here *A and M'ss 1.^14. 

then 1 .41 4» Sin 30® 

or Sin (30+ 8/ 2)= 1.4 14/2- V 2 / 2 » » i/s/2=Sin 45® 
whence 8=30'’. 

61. Thh angle of a prism is 60'^ and the minimum deviation 
of a ray when the prism is filled with a certain liquid is 30®. Find 
the refractit% index af the liquid. 

62. An equilateral hollow glass prism is filled with a certain 
liquid of refractive index 17. Trace the p^th of a ray incident 
on the prisni at an angle of 30® with the surface. 

4 • 

Refraction through Lenses ; — 

j The connection between the focal length / and the dis- 
I Lances u and v of the object audits image produced by a lens 
1 IS given by— 

1 _ L =. JL 

V u f 

where / is positive in the case of a concave lens and negative 
in the Cfuse of a convex lens. ^ 

Again, the magnification isgiven by 


__ distance of Image front lens 
distance of6bje^t from i^s 

63. A small oli^ect i inch in length is placed at a distance of 3 ^ 
feet frdtn a convex lens of focal length i loot Where and of what 
size is the image ? llluttrate your answer by a figure. 
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Here «=3 ft. and /“= - 1 ft. ♦ 
On substituting in the'"forn)tila 
i i i m 



» * »■ ^ 


We get 

sa — f 

V 3 

or 4;= -Vs ft* 

Again 

I 

u ** 0 

or — i.e.I=V» in. 

13- 


Thus the image is i8 in. behind the lens and in. high. 

64. A small bright object is placed 10 cms. awiiy from a con* 
cave lens of focal length 20 cms. Find the position of the image. 
Is it real or virtual V 

65. An object is placed at the principal focus of a lens. Where 
is the image ? 

66. An object is placed 24 cms. in front of a><^convex lens 
of 12 cms. focal length. Find where the image is. 

67. An object is placed 12 inches from a convex lens of 8 in. 
focal length. Find the position and nature of the image. 

68. An object^ 3 cms. long is placed 10 cms, from a concave 
lens of 20 cms, focal length. Find the size and nature'of the 
image. 

69. An object of length 2 inches is placed at a distance of 0 ins. 
from a convex lens of 4 inches focal length. Find the position and 
length of the image. 

70. A convex lens of focal length 18 cms. has an image formed 
by an object placed 24 cms. in iiont of the lens. Determine the 
position of the image. 

71. In a convex lens of focal' length /the object and image 
are of the same size. Find the distance of tl\e object from the 
lens. Also determine the position of the object so that the image 
formed by the lens may be one-half the size of the object. 

72. If an observer's eye be held up close to a conve.x lens of 
3 cms. focal length to view an object at a distance of 25; cms. frora 
the lens» show that the magnifying power is 6. 

Here <^^*5 and ^ f =—3 
^ Hence substituting in the usual formula, we get 

- whence 1^555—15 . 

o '^‘5 3 « # 
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I' 

mas ilEB ijL -=6, 

0 2.5 

7 $j The image pf a sm^ll ^ ^bright object filaced 2o cms* from 
a lens is formed atja point 40 ems. dn the other side of the lens. 
Find the focal length and the ^ature of the lens. 

74. A virtual image of an object 25 crns. |jfom a lens is formed 
on *the same side of the lens and at a distance 8 cms. from it. 
What kind of a lens is it and what is itsjocal length ? 

75. A circular disc 1 m.m. diameter is placed at 'a distance , 
t>f two feet from acenvexlensand a Virtual image i foot in diameter 

IS formed. Find the focal length of the lens. 

76. A candle flame placed 30 cms. in front of a lens is 
brought to a focus 8 cms. behind. Find the nature of the lens and 
its focal length. 

77. The focal length of a concave lens being 20 cms, find the 
position of an object so that its image may be -^th its own size. 

78. Air image magnified about 3 times is to be thrown on a 
screen by a convex lens of focal length 44 cms. Determine the 
position of the object which will give (1) a real, (2)^a virtual image 
of the required size. 

** Suppose a and v to be the reqd. distances of the object 
' and the image from the lens. Since the image is be three 
times the size of the object, its distance from the lens must be 
three times as great or t»=3/i (numerically). But since the 
image is to be real, it must be formed on tbe opposite side of 
the lens, thus v is negatiae and=: — 3^/. Then in the usual equa- 
tion putting /=— 44 and — 3*1, we get 

— - — whence 7# =587 cms. 

3w w 44 

Now for a yirtdhl image we must have v positive Snd 
=3K (numerically'. Then in the equation putting «7=3» and 
/■= — 44^ have * 

II 1 , 

— ss— whence M=s=2g*3 cms. 

> ’ ■ . 3tt 7 ^ 44" 

79. A candle flame stands at a distance of 25 cms. from a 
wall. In what position must a convex lens of 3 cms. focal length 
he placed between them so as to produce on the wall a distinct 
image of the candltf' 

8a' An image magnified about 4 times is to be thrown on a 
screen by an object distant So cpis. from the scecn. Determine 
the nature and position of the lens to be^ised. 
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Combination of Lenses. — 

If two lenses of focal length /, and /g aoc plac^ ip 
eontacL then the focal lengtdi / of the combination is 
given by — 

* +i 

/ /. /. 

8i. A convex lens of lo in. focal length is combined wiih a 
concave lens of 6 in. focal lengfth. Find the focA length of the 
combination. ^ 

Here lo and/g^d 

Hence /. /=s + i5 the combn. is conoeve. 

^ 82. Find the focal 'length of a lens which is equivalent to two 
thin convex lenses of focal length 10 cms. and 15 cms respectively. 

83. A convex lens of 12 cms. focal length is placed in contact 
with a concave lens and the focal length of the combination is 
*-24 cms. Find the focal length of the concave lens. 

Power of a Isns. — 

I w 

The pqwer of a lens is the reciprocal of its focal 
length I. 

The power of a combination csalgebraic sum of the powers 
of the constituant lenses. 

84. Kind power of (i) a convex lens of focal length 20 tins, 
and (2) a concave lens of focal length 10 cms. 

85. The power of a concave lens is +2. It is placdB in contact 
with a convex lens of power— 5. Whsiijt is the power of the 
combination ? 


Defbets of Vision.— 


86. The distance of most distinct vision for a person is 20 cms. 
and he uses a reading lens of 4 cms. focal length. Find the ma^i- 
lying power of the lens. Where must the lens be held in order that 
he may clearly read a book. 

The image ought to be formed at a distance of ao cms. 


^ Hence 
Whence 


20 w" if 

ur=s 4 i. h lens must be ^^ms. from the book. 
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Again 


ms 


20 ^ 


87^ The nearest :distance of distinct vi«on for a long-sighted 
person is 50 cm& and he uses oonven spettades of 30 cms. focal 
Ien|^h.' Find how much will he increase his range of distinct 
vision* 

By usinff a convex lens objects at a distance u can have theiri^ 
nnajite formed a distan^ of 50 cms. from Like eye and ti is 
determined by the relation 

,0 I ^ 

— • whence u-. :i8.75L 

50 30 

% Thus the range is increased throuijrh (5 0— i8.7>)or 3i.25cms. 

88. A short-sighted person has distinct vision at 5 in. What 
8cind of a lens shoqld he use and of what focal length to enable 
him to read a book 20 in.' from his eyes. 

Here the image of the book» distant 20 in. from the eye 
must be formed at a distance of 5 in. from the eye. 


Hence whence / = in. 

5 20 / < 3 

the lens should be concave and of focal length 6| in. 

89. T^he distance of distinct vision for a short-sighted person 
IS 15 cms. Find the focal length of the lens to be used in order 
that he may sec clearly an object distant 50 cms. from his eyes. 

90. Find 'the nearest distance^ of distinct vision for a long- 
s^ighted person who uses convex spectacles of 40 cms. focal length 
men he cannot comfortably see through these spectacles objects 
nearer than 30 cms. 

Here evidently the nearest distance of Mistinct yiSion with 
|[he lenses on is 30 cms. and without thN$ lcn.sc<i this mast be 
where an image is formed, by the lens of 40 cms. focal length/ 
of an object, held 30 cms. from the eyes. 


k 


This is given by * — * 


40 


Whence 7^=120 cms. being the required distance of dis- 
tinct visipn. 


91. A person who can sec txibst clearly at a distance of 4 in. 
requires spectacles enabling him to see clearly diitigs at a distance 
of i ft Calculate the focal length of the spectacles required and 
show by a diagram how they acf'in the case. 
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SOUND. 

Wave-leng;th of a Note : — 

Wave-length of a note can be determined from the 

formula 

where 

V « velocity^ of wave motion 
Afsr number of vibrations 
Xss wave-length. 

1. Establish the relation between the wave-length and velocity 
of wave-motion in a free medium. 

2. What is the wave-length of a note of 400 vibrations a second, 
when the* velocity of propagation is 1000 ft. per second ? 

3. A body vibrating with a frequency of 100 sends wa\'es 10 cm. 
long ihitmgh a given medium. Find the velocity in this medium. 

4. Longitudinal waves 5 cm. long travel through a medium 
with a velocity of iioo cm. per second. Find the frequency ol 
vibration of the bod3' ? 

We ha\e here t^ — ioo cms. per sec and X=5 cms. 

1 1 003S 5/7 whence n = 220. 

* , 

Velocity of Sound in an Ordinary Gae : — 

This has been proved to be given by 

D. 

where F— velocity of sound 

**•/* —atmosphere pressure 
constant 

D « density of the gas. 
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^ C^culate the velocity of sound in hydrogen gas, assuming 
its velocity, in air^ and having also given that i Hire of hydrogen 
■ weighs 0*0896 gin.» and z litre of air 1 *^93 gm. 

In an open space i.e. under ordinary atmospheric pressure 
the vebeiiy sound in air is given by 


For the velocity of sound in any other gas under similar 
conditions, we have 

■ ' ''.“VS 

But here F 1 =330*^ and DJDi == *0896/ 1 *293. 

V. substituting -v/ 

" Fg V 1-2,0 


whence Fg = i286 metres per second. 

6. A flash of lightning observed and the thunder is heard 
four and half a seconds afterwards. How far away did the flash 
occur f 


Yejpcity of Sound at any Temperature 

F,, (1 + ‘op 1 83/) where 

Fy= velocity at o*C 
F = „ 19 the temp< t 

On an average for each centigrade degree rise of temp, 
the velocity of sound increases by 6t cms. per sec. or by 
about 2 ft. per sec. 

7. The velocity of sound in air at o'^C is 332 mfrtrc«5 per sec. ; 
find the temperature at which the velocity is 340 metres per second. 

The velocity of sound at is given by 

V=V^(i + .ooi83 O' 

* . where Vo =s velocity ft oX 

Here 34 P •‘ 3320 + * 30*830 

whence f ■» 1 5®C app. 
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8. A Stone is dropped into a well 600 ft- Wteit tune win 

elapse, before the sound of the splash is heard at Ae top ? Temp- 
of air within the well is 25'^C. ' , < * ./ 

9. A person makes a sound by clapping his hand in front of 
a wall, and hears the echo J; sec. wards. What is his distance 
from the wall ? Temp, of air is 20X 

The sound first travelled from the peison to the wall and 
the echo originated an the wall then travelled froij the wall to 
th« person, so that it took J the sec. to travel the distance from 
the wall to the person. 

Again velocity of sound at 20^ 

=ic^3+2X2oft.=ii33 ft. 
distance of the wall =1133x1=14* It. app. 

10. An echo repeats four syllables. Find the distance of the 
reflecting surface. The velocity of sound is H20 ft. per s^. 

IX. Two observers arestaiionecfat a distance of | a ipiile and 
. mile respectively from a ringing church-belL Compare 'the inten- 
sities of sound received by the two persons if there 15 no reflection 
of the sound in the way. 

Beats;—, 

'Fhe number of beats per second between two sounds 
of nearly the same frequency is given by 

12. The \ ibrafiori trequencics of two tuning-forks are i|0 and 
344. Describe what will happen when the two forks are sounded 
Simultaneously. How will you find which fork has the higher pitch t 

13. A sonometer string is tuned with aC fork («= 256). A 
fork X produces 5 beats per second with the string. A small piece 
of wax is then attached to one of the prongs of X and the frequency 
of the beats is increased to 7 per second. What is the natural 
.frequency, u 4 ien unloaded, of the fork 

The number of beats per sec. is equal to the difV. in the 
frequencies of the two forks. 

This difference is 5 in the first case. 

Agaiiii since the number of beats is increased whi^n the 
fork -Y is loaded with wax, the frequency of the fd^k is less 
than that of C. • 

Hence the reqd. frequency is 256—5=251. 
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Fraqumey «f » Jtoto 

X4. Describe some form of Syren. Explain 
use seme to find ri>e freq^ency of a, note from, an organ p p . 
If<herita« 4Dholes inthediscof a syren, revives at 

ra^f IMO per minute, what » tt»e frequency of the note 

^ ^ 

If there are m holes in a Syren and w ret-ohitions 
the frequency of tne noie is given by 


the frequency of tne note is ^iven by 

Here w =40 1(1=1020/60=17 

i\r=40X 17=680* 

y 1 c The disc of a wren contains 32 holes. How many f 

<itionsmrat it take per minute to emit a note which is an 0£taxe 

higher than the mi^dle-C (»f= 35 o-) . . » 

■“ I'r^^toothed vriied is made to timch » f ® . 

Thi TOte e^tted is fawnd to he in unison with ® ^ 

tf ihe rfumber of teeth be 30, find the speed of the wheel per 

minu^ An air-ict is made to play on a ring of 48 equidisUnt 
holes^in a circuit disc that is made to rotate at a con^t speed 
^ 10 per second. What is the freqhency of the note emitted . 

Vibration of* string. — 

When a string vibrates, its frequency « is given by 

21 m 


where 


T^ss tension ' absolute units of 
force (dynes or poundftls). 
^fsstnass per unit length of the string 
and /^length of the string. 


18. l^nd the pitch of the fundamental note of a siring from 
the followini? data:— 


' 'Unjrtb of the string — 53 

lyp agg per cm. length oi string *00323 gramsa 
Stietcmng weight— 4000 grams. . / 
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The frequency n is given by 



Here 7=4000x911 dynes, /=53 cms. arfd 


m =0*00323. 

19. A stretched string 4J ft. long is ‘made to be in unison 
with a tuning-fork nf frequency 287. Calculate the rate of vibra- 
tion of the string when iis length is reduced to 3| ft. 

20. Two similar strings are in unison. One is 60 cm. long 
aud stretched by I2 kilogrammes. Find. 

(1) the tension of the wire, if its length is 45 cm. 

(2) The length of the wire when it is stretched by 

20*5 kilos. , 


As the strings are in unison, we have 


Here 

Then 


2 / ^ mi 2/1 ^ 
f$ti^ssw2 the strings being similar. 


^12 

120 


•s/T. 


“ 90 


Whence 7 , =675 kilos, 

In the second case, we have /=6o. 7j = i2. 7,=2o’5 
Substituting in the above formula, we have, 

/>=78*5 cms. 


yf 21. A qionochord emits a note of frequency 120. What will 
/ be the frequency of the note emitted by the same string if its ten- 
sion be increased in the ratio of 4 to 9 and its length in the ratio of 
5 to 6. 


22. A wire gives out the note C (n=256) when the tension on 
it is, 10 kg. What tension will be required so that the string may 
emit its first lower octave T 

Where is the bridge to be placed under the wire that the 
latter dtay yield its second higher octave t 

Here 356= 
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The fi^t lower octave will have half the frequency of lihe 
4(1 ven note 


256:1 28= ^/lo • >/ T f .e. 7=5 2-5 kilos. 

In the second case where the frequency of the second hlj§fher 
octave is four times that of the given note, we have, 1:4=/ :/ 

Whence 

23. A string 50 cms. long, stretched by a weight of lo kg. 
makes 236 transverse vibrations per second. How could the 
frequency of the note emitted be raised to 384 (i) by altering the 
length of the string, (2) by alteiing the stretching weight ? 

Organ pipes, Closed and Open 

For a closed pipe to sound its fundamental we have 
the formula — 

X=4-' 

But Vs=n\ hence =: 4 »/ 

In the case of the fundamehtal note of an open pipd 

X= 2 / 

Again K=t«X= 2«/, where 

F-i velocity of sounds 
frequency of the note. 

* X-> wave-length „ „ 

24. What must be the length of a closed organ pipe which 
produces the note C (n=256} and that of an open pipe sending the 
note h (if =320). The Velocity of sound is 1152 It. pt-r see. 

In the case of a closed pipe 

X=4^ ai)d F=fnX=4n/ 

' Here 1 152=4 X 256 X/ ^ ^ y^ enoe fern ft. app. 

In the case of a 

X=2/ and "V=wX«*2ii/ 

Here 1152=2 X320X/ whence /=i.8ft. 

25. ,The length of a pipe, open at both ends, that is in Unison 
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vrith a certain fork, is 2 ft. the temperature bein^ 15X. Find the* 

frequemyef the fork, ' * 

26. The sound of an excited T^rk swells out loudly when held 

over a gas jar 6.4 in long and of i in. radius. Find the wavelength 
in air of the note emitted. Catcdlate also the vibration frequency' 
of the fork. Temp is 2o®C. ' 

This is a case of resonant column of air and ihe length of. 

the vibrating column. 

(making the end correction). 

Then V a«4«(/+.6ry) 

Again velocity of sound at 20*^0 is 1133 ft. per sec. 

1 1 33 = 4 »(Z+ .6r)ss4«(6.4— .6)/i 2 

Whence /2=485 app. 

Again, V=>/X 

i-e- n33 =48s\ whence \« 3 Bin. app. 

27. A closed pipe filled with a gas gives the maximum reso- 

nance when a fork of frequency 256 is held over it. Velocity of 
sound in, the gasfris 1324 ft. per sec. Determine the length of 
the pipe. * 

28. A fotK of frequency 30 produces resonance in a pipe closed 
at one end. It is 10 in. long and 2 ;n. in diameter and is filled 
wjth air. Find the speed of sound in air at the temperature of the' 
experiment. 

29. A siren disc has 32 holes. An open organ pipe sounding 
its fundamental is found to be in uuison with the siren when it is 
making 1050 revolutions per minute. Find the length the pipe. 
Temp of air Is I5°C. 

In the syren 

N asmifs=32 X 1050/60=560. 

In the open pipe 
V=2/lf . 

Again velocity o^sound at i5®C=ii2o ft. per sec. 

rx 2 oa 2 X 56 oX/ 

Wheqee* /«i ft 



CHAPTER VF. 

MAGNETISM. 


Laws of Magnetic Force : — 

J^et m and m be the lespective strengths of two magnet 
poles and d the distance between them. Then the force 
between them is given by 

where /^is measured in dynes. 

I. The respectixc strengths of two N-polesare 5 and 10 respect- 
ively and they are 10 cins. apart. Find the force of repulsion 
between them. 

Here w'=io and d— 10 * 

5x10 , 

' jji- =0.5 dynes 

3. A north pole of strength 4 is placed 5 cms. from a south 
pole of strength 3. Find the nature and magnitude of these forces. 

3. A north pole of strength 5 is placed 10 cms. from a south 
pole and the force everted between them is 0.25 dynes : find the 
strengths of the south pole. 

4. A south pole of strength 5 when placed 23 cms. from a 
north pole attracts the former with a force of i d\ ne. Find the 
strength of the north pole. 

5. A force equal to the weight of four ounces* is required to 
pull a small ball of soft iron from contact with one of the poles of a 
magnet Ay and a force equal to the weight of nine ounces is required 
to pull the same ball off one of the poles of a second magnet B. 
Show the relative.strcngths of the magnets A and B. 

6. A magnet pole of strength 72 attracts another distant 3 cms. 
from it with a force equal 10 the weight of a gramme. What is the 
pole strength of the latter 7 

Force=Vt. of i gm=r98i dynes 

5 
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Intensity of Force 

[ The intensity. of magnetic force at a point is measured 
I by the force exerted on an unit pole placed at the point. 

7. Find the intensity due to a magnet pole of strength 81 at 
a point distant 9 cms. from it. 

8. What is the strength of a magnet pole which is urged by 
a force of 3 dynes when placed in a field of intensity 0.3. 

^ 9. The length of a magnet is 5 cms. and it is placed in a field 
of iiitenbity H=o‘i8. What is the moment of the couple required 
to deflect it (l| through an angle of 30^ fro^m.i^he ma^n^tic^^ 
^an. (2) at right angles to the magnetic meridian ? The pole 
sTreiigth of the magnet is 3. 

Here force acting on each pole ■■ 3 X 0. 1 8 =0.54. 

(1) The arm of the couple =3 Sin 

tlie moment of ihecouple =0.54x5/2 -1.35 
(ii) When the needle is at right anglesi the arm of the 
couple ^length of the needle 
the moment of the couple *0.54x5 =2.7. 



CHAPreR vtl. 

FRICTIONAL ELECTRICITY. 


Coulomb’s Law 


F = - - 3 ;— wheie 

F=force in dynes. 

^=::quantLty of electricity in one charge 
q'= „ „ „ „ the other „ 

and </=distance between them » 


1. Two small insulated metal spheres charged respectively 
with 45 and 5 units are placed one metre apart. What is the 
direction of the resultant electric forces exerted on “a small -h 
chargie at a point one metre distant from the centres of each of 
the spheres ? 

Here force due to the chaige+s on the small charge q say, 
placed I metre apart 


That due to the charge — 5 


lOO* 


The former being repulsive and the I nter attractive while 
both are equal in dimension, their resultant is a force parallel 
to the line joining the centres of the spheres. 


2. Two small insi^ated spheres arc charged with -f 10 and 7-30 
^units respectively. I’he distance between the spheres being 5 ems 
what is the force of attiacfion between them t 

3. The force of attraction between two bodies was 8 dynes 

when they were placed 6 dll'., ap irt. What is the charge 011 each 
if the + charge was twice the — clvirge ? * 

=8 and ^=2^' • 


Here 
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we get q =24 and — 12 units. 

4. Two equally charged spheres repel eadi other when their 
centres are half a- metre apait with a force equal to the weiglit of 
6 milligrams. What is the charge on each in electrostatic nnits^ 

Here w'eight of 6 mg. is equivalent to a force of 


'I'hen 


6x980 
loxioXio 

6 vq8o 
lox lox \o 


dynes 




-(24)*app- 

q =120 unlfs.'* 


5. Electric charges of 10 and 5 units are given to two bodies 
which are at a distance of 50 cms. apart. At what point on the*- 
sU'aight line joining the charges is the electric force zero. 

Let X be the required distance fjom the charge of 5 units. 

Then its distance from the charge of 10 units is 50 -*;r, hence* 

we have . 

10 ^ ^ 5 

(50 -T*’ 

Or rv'2»5o*fc.i; whence a— 20.3 cms. 

6. Equal electric charges of :o units each are olaced on smal)^ 
•conductors at two opposite corners of 'a square of 10 cms. radius. 
(Calculate the electric force at either of the remaining corners. 

7. A cake of shellac is nibbed with catskin. Show how to 
obtain from the shellac a 4- veor - vecharge on an insulated con- 
ductor. How can you ascertain whether a given charge is-|-or with- 
out changing its amount f 


Electric Potential 

It may be shown that if there is a charge q collected at a 
given point, the, difference of potentials due to it at any two 
“given points A and B, whose distances from the given point 
are r and r' respectively, is 

Va - Vb ^qlr-^qlr 



potential. 
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When B is at infinity or is connected with the earth 
^ becomes infinity and q]r* for the potential of the earth 
be reguded as zero Tthe expression for the difference of 
potentials between A and *the earth, or more briefly, the 
•potential of the point A i educes to 

Vk ’^qjr 

If there are several charges namely, at distances 

respectively, then the potential at A due to all these 
'Charges is 

VK—qJr^+qJr,+qJr^-\- 

The external action of an electrified spherical conductor is 
the same as if the whole charge were collected at the centre. 

8. Charges of 10 units of + electricity are placed at the three 
corners of a square the side of which is 8 cins. Find the potential 
at the other corner. 

Here poiential= ■ - g +g^= 3‘4 app. 

9. Charges of 10 units of + veeleclncity arc placed at each 
ctirner of a square, the side of which k 8 cms. Find the 
potential at the intersection of the diagonals. 

to. Charges of + 10, +15, —5 aud — 4 units of electricity 
aif placed at the corners A, B, C, P respectively, of a square whose 
side IS 10 cnis. long. Find the potential at the middle point of CP 

Here potential = -H *^1 - v=’ 43 ^ ^PP- 

, ov 5 avo 

0 ^ u. Charges of 10, 20 and 30 units of + electricity are placed 
at the corners A, B and C respectively of a square whose sides 
•are 10 cms long. Find the potential at the corner D and at the 
centre O. Find the amount of work necessary to be done to 
bring a + unit from D to O. 

Electrical Capacity of a Body. — 

The ca^city of any conductor is measured by the quantity | 
of electricity required to raise its potential from zero^to unity. ! 

Again, the potential of a conductor depends both upon its 
.amount of charge and upon its capacity; in fact if C be the 
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capacity of a conductor, Q the quantity of electricity with which' 
it is charged, and V its potential, then 

C=^ or Q =CV. 

Again, if a number of conductor of capacities C | , C.^ , 
etc. at considerable distances apart, have potentials V ^ , V , , 
V3 etc. then when they are joined together by fine vnres (of 
negligibly small capacities), their common potential V is given 

. 

rr K C. -f- V, C. + Kg 

Ci + CC^ + CC^ + etcT 

12. Find the quantity of electricity which must be given to an 
insulated sphere 6 cms. in diam. so that its potential may be 
raised from zero to 15, 

The capacity of the sphere, being equal to its radius is 

3 cms. 

Hence quantity reqd.=.^ x 15=45 units. 

13. There insulated metal spheres at consideiable distances 
apart are charged with electricity till their potentials are 2, 5, 7 
respectively. If theur radii are 2, 3, 4 respectively, find the poten- 
tial of the whole system when they are connected by a fine wire. 

Here the reqd. potential 

_ 2 »<2H-5X3H-4X7 ^,.,. 

' - 2+3+4 

14. If the radii of the spheres were 4, 5 and 6 cms, respective- 
ly and their initial potentials were 6, 7 and 8 icspectiveh, find the 
potential of the whole system when joined by a wire, 

15. The capacity of three spheres are 3, 2. and i reapeclivclv 
and their potentials are I, 2 and 3: What is the common potei> 
tial w'hcn they are all joined by a very fine wire ** 

16. Two insulated brass balls are joined by a Jong fine 
wire ; one has a diam of 3 in/and the other a diam of l in. A 
charge of ^ units of + electricity is given to them. Ho\^ will the 
charge be distributed f 

Here, the potential of the two balls is the same, hence 

the charges of the two balls are proportional to their capacities ; 
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and the capacity of the first ball is 1.5 while that of the second is 
0.5 ; then the charges are in the proponion 1.5 : 5 or 3 :1; 
the charges are 36 and 12 units re’»pectivel3\ 

17. A charge of 1000 units is given t<» two insulatad balls of 
capacity 10 and 15 units respectively. What is the charge on 
each ball and the potential of the system ? 

18. Two insulated metal balls are connected by a fine wire, 
one has a radius of 5 cms. and the otlier a radius of 8 cms. They 
are charged and on testing, the large one it is found to have a 
charge of 16 units. What was the total charge ? 

The charges are in the ratio of their capacities, then we have 

4 ■ 25= 16 A 

Or jir=io 

total charge=i64- 10=26 units, 

19. The diameter of a sphere is 5 cms. and it is charged until 
Us surface density is 5/ir: What is its potential 

20. Two insulated and widely separated metallic spheres re- 
ceive charges of positive electricity which raise their potential to 4 
and 5 respectively The densities of the charges being in the ratio 
4 9, compare the radii of the balls. 

The densities bcini> in the ratio of 4 9 the charges are 

in the ratio of (4‘7r/'» x 4) (47rr'* xg) 

Then since ^ — C 

we have 

4 

and 

5 

where r and r' arc the radii and therefore the respective, ca pact* 
tics of the two spheres. 

Thus we have r : r' = i • i'8. 

21. An insulated brass sphere of 4 cms. radius is' brought in- 
to a region where the potential is 3. It is then brought into earth 
connection and removed. What is the free charge ? 

When the sphere is brought to the region of potential 5 
it acquires a charge ‘of 4X5 units tof H- electricity on one 
side and— 20 units of— electricity on the other side remote from 
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the first and when the sphere is connected to earth 20 units of + 
electricity pass to earth leaving 20 units of —electricity on the 
♦ sphere. 

22. An insulated brass sphere was brought into a region 
where the potential was 10, touched with finger and then removed. 

1 It was found to have 40 units of negative electricity on it. Whnt 

was the radius ? 

23. How much work has to be spent in charging a sphere 
Irom potential zero to 12, the diameter being 4 cms. 

When the potential of a conductor is raised from o to 

V, the average potential is ^ and the work done= 2 ^. 

V 

Here Q=CV=I2X2=24 and — =6 
-r 2 

work done=6x 24=144 ergs. 

* 

24. If the radius of a sphere is 6 cms. how much work has tr) 
be expended on it to raise its potential from o to 50 ? 
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Resf^nce^f a Conductor 

The resistance of a conductor is directlv porportional to 
its length &nd inversely proportional to the area of its cross- 
section. 

If there are two uniform conductors of length and /j, 
and of the same material, then the ratio of their resistances 

and i?., is 

~ 1 A !£* 

^^2 ^ 2*^1 

Jj and being the cross sections of the two conduttors. 

The resistance of a conductor also di'jiends upon the 
material ol which it is made. 'Fhe Specific Resista nce of a 
substance is defined as the resistance betweeen opposifeT" faces 
of a unit cube of the substance. 

Thu.s, if a conductor of length / and cross-section s has 
a specific resistance p. then its resistance is P^/Ar in C. G. S. 
units: expressed in its resistance is px ///'X lo*', for one 
ohms lo® G. G S. units of resistance. 


I. What is th? resistance of a column of ineicury 2 metre', 
long and *(> of asq. m.m. crois. section at J 

Here length of mercury column is 200 cm«. and cross-sec- 
tion is 6/10* sq. ciiis ; also the specific resistance or mercury is 
96x10-® app. 


Hence resistance of the column=:— — 


X 200X10* 
■ -6 


=3 2 app 
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2. What length of copper wire, havinfr a diameter of 3 m.m, 
has the same resistance as 10 metres of copper wire having a dia- 
meter of 2 m.m. ’ 


Here cross-section of the wires are — . and — - 

I/. , /V , . 10* lO* 


Then 

Whence 


/X 


10 10® 

SSIOXIOOX 

n-s)»x7r TT 

/— 22*5 meties. 


3. An incandescent lamp takes a current of 0*5 amperes and 

tlie between its terminals is 90 volt*- ; what is its resistance ? 

Here 90/0*5 =180 ohms. • 

4. A battery has an E. M. F. ( on open circuit ) ot 20 volts. 
When the poles are connected b) a wire the E. JIf. F. falls 
to 15 volts and a <uirent of 2 amperes passes through. Find the 
internal resistant e of the battery and the resistance of the copper 
wire. 


When llie circuit is madC} wo have 

C=2 amperes and E=- i 5 volts , 

Then /?, the resistance of the wirc=/s''C=:iS 2 = 7 ’S i>hms, 

I Now I ^ volts is the potential ditterenre that causes the flow' 

I of a current of 2 amperes through a wire of resistance 7*5 ohms ; 
the tola! E. M, F, of the battery being 20 volts. Then if R" be 
the internal resistance ot the battery, by Ohm's law, we 
I have 

^ 20=2 ( 7*5 + ^ I whence i?'=2 5 

5. A current of 10 amperes flows through a conductor, the 

ends of which are found to have a difference of potential of 20 
volts. What is its resistance ? " / 

6. An incandescent lamp of 100 ohms, resistance takes a 
t urrent of 0*3 amperes . what is the t 2 . M. F. reqd. to work it ^ 

7. Compare the resistances of twi^jmi^r wires one of which 
is nine times as long as the other. ' ' " ’ 

8. Two exactly equal pieces of copper are drawn into wire ; 
one into a wire 10 ft. long and the otner into a wire 20 ft. long. 
If the resistances of the shorter wire is 0*5 ohms, what is the 
resistance of the longer wire t 
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Ohm’s Law : — 


With suitable units, Ohm's law may be expressed by 
means of an equation, thus— 



where C=Current in amperes^ E=E M.F. in volts 
and R as resistance in ohms, 

• 

If the Whole resistance R, be divided into the internal 
resistance of the cell /* and the total external resistance of the 
cell R, then — 

c- — 


Grouping of Cells 

(o) In parallel — In this arrangement with ;/ cells Ohm’s 
law becomes — 

c=— ri- 

In series — In this case Ohm’s law beronv^s with- 
n cells — 


+ R 

W Mixed circuit — If w’e have n rows of m cells arranged' 
in series then, 

nm^ 

mK^+nr 

a 

In this case, it may be proved that the current is maximunr 
when R is equal to — ^ 

9. Five Daniell celE, each liaving an of ro8 volt, 

and an internal resistance of 4 ohms, are joined in series what 
will be the current produced with an external resistance of 5 
ohms, , 
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As the colls are joined in series, we have, 


« E 5xro8 5*4 

«/?'+#' ~ 5 X 4+5 25 


*216 amperes. 


10. A certain cell has an internal resistance of 0*3 ohms and 
its iE*. M, F. on open ciicuit is i*8 volt. When the circuit is 
completed by a copper wire of lenjcth 5 ems and resistance f'2 
ohm, the potential difference fall-, and a current passes through. 
•Find this potential difference and als*) the current strength. 

11. The jE*. il/. Ff of a battery being 12 and its resistances, 
find the strength of the durrent generated by it when its poles are 
connected (i) by a wire wno«»e lesistanceis 16 '2» by a wire whoscr 
resistance is 40. 


•Here the E. M. F. on closed circuit is 12. 


Hence 


( 1 ) C'= jj~^=o-5 amperes 

(2) C=j^~=o-25 amperes. 


II. Ten voltaic cells, each of internal resistance 3 and E, .V. F, 
.4 are mmiected — 

(a) in a single serio',. 

(d) in two series of 5 each, the similar ends of each senes 
being connected together. 

If the terminals in each case are connected by a wire of 
lesistance 20, show what is the strength of the current in each 
case. 


(tf) 

then 


This is the case of a group of cells joined in series 




ftE 10x4 
M^'+r""ioX3 + 2o 


= '8 ampere. 


(ft) 


'Phis is the case of a mixed circuit, then, we have 




11 mE 
mR! nr 


here and 


M=2, then ampere. 

12. Find the best arrangement of 24 cells having an external 
resi.'»tance of 3 ohms, and each cell having an internal resistance 
of 2 ohms. 
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We know that with a given external resistance the maxi- 
nttini current with n rows of m cells in series is obtained when 

r = - or nr^tnR, Thus we have to arrange the cells in 
n 

such a way tiiat the above condition ma}^ be satisfied. 


Now, w'e have here n k /;t=-24 


and 

''=3 

and 

^=2 

• 

• • 

3n=2ffi 

w2 = 3/2 n 

then 

11=4. 

and 

m=Cy 


Thus, the arrangement is four rows of six cells in series. 

Divided Circuits. — 


If two points A ai^^d B of a circuit be joined by several 
wiies of resistances etc. and if R be the equivalent 

resistance, then 


I 

R 



+ etc. 


Shunts.— 


The current passing through the shnnt is given by 
C. where 

S + G 

C-'the total currrent 
G= resistance of the galvanometer. 
S— „ ' „ shunt, 

and that through the galvanometer by 


13. Two wires are joined in parallel, their resistances being 10 
and 20 ohms, fine the resistance of the conductor thus formed. 

Here -5 whence i?=t6*6 ohms. 

K 10 20 

14. Three wires are joined in simple circuit, their resistances 
being 30, 40 and 50 ohms ; find the resultant resistance. 
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15, The resistance between two points A and 5 of a circuit is 
30 ohms, but on adding a wiie between A and the resistance 
Incomes 25 ohms, wi)at is the resistance of the added wire v 

16. A galvanometer of 2000 ohms, is shunted with a wire of 
I ohm. resistance. Find the resistance of the shunted galvano- 
meter. 


17. A current of 4 amperes flows througli a galvanometer of 
200 ohms, connected with a shunt of i ohm. resi'^tance. What is 
the current passing thiougit the galvanometer » 


Here 


C 


= 1^-i 
^ 2004-1 


=‘019 amperes. 

18. A galvanometer of 40 ohms, resistance is shunted by a 
shunt of 5 ohms. Find the resistance of the siiunted galvanometer 
and the current which flows through it when a difference of potential 
of 20 volts IS maintained between its terminals. 

19. A divided circuit consists of two wires of the same material 
whose lengtlis are / and and cross-sections ? and s* respectively . 
•determine the currents in the two wnres. 


Heating effect of a Current— 
From Joule’s Law, we have 


_ C*xRxtxio"*xio* 

* 4-2 X 107 

=C*Rt X *24. where 

J=mechanical equivalent of heat=s4*2X 10^ ergs. 
Rs=resistance in ohmsscR x 10* in absolute units. 
C=cnrrent in atnperes=sC X 10'^ in absolute units, 
t s= time for which the current flows. 

20. The F,M. K of a battery is 1 8 volts and its internal resistance 
3 ohms. The difference in potential between its poles, when they are 
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ionnectcd bv a wire A, is 15 vo 1 ts« and falls to 12 when A is replaced 
bv another wire 5 . Compare the amount of heat developed in A 
and B in eqnal times. 

Heat developed in both cells in equal times is proportional 
to C^R=EC. 

In the first case, we have 

C=^, R beini* the resist. nvc of the wire, A. 

And 18= C ( 34 -tf? ) whence 
C=i ampere 

\ Heat produced = £‘C*= 1 5 
i In the second case, similarly we have, 

£^=24. 

A their ratio= 15 ; 24. 

21. A current of i ampere passes through a coil whose resis- 
tance IS 2 ohms, what amount of heat is developed in the coil m 
5 seconds. 

Here H==C^Rix 24 

= r X I X 2 X 5 X *24 
= 2*4 unit'*. 

22. A current of 10 amperes passes, through a wire whose 
resistance is 0*9 ohm. for 5 seconds, what amount of heat is 
developed 

Tangent Galvanometer : — 

ln‘a tangent galvanometer, the current strength is given by 
C=KH tan where 

K=the galvonometer constant 

* = — — , r being the radius of the coil and « 
2Tfn ^ 

the no. of turns in the coil 
0=deflection in dei^rees on the scale. 

and H= horizontal component of the Earth's field. 

23. A current of 0*9 amperes flows through a tangent (galvano- 
meter consisting of 5 turnis of wire, each of 20 cms. diameter : 
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So 


what is the strength of the field due to the circular current at its- 
centre t If the value of H at the [^ace is 0'i8 through what angle 
will the needle be deflected ? 

The strength of the mag. field produced by the current is 
measuted by the force on a unit mag. pole and this is TKnClr 
and the ampere being one tenth of the 6\ G, S, unit of current 
the lequired strength of the held is 

10X10 


And tlic required defle<.tii»n is given by 


tan 0 


e 


“ r~ H 

_ 27rx5^*09 _ *283 
ioxo*i8. 018 
= 1*572 
=58” app. 


24. A circular coil of wire of lo cms. radius each, consists of 
3 turns wh it force will be exerted bv a current of o*04ampetes 
on a magnetic pole of strength lo placed at the centre of the coil f 

25. A very short mag. needle is suspended at the centre of 
a hoop of wiie fixi-d vertically in the magnetic meridian. One 
curreni p issing thn ngh the wire causes a permanent deflection of 
the needle amounting to 30°, another cuirent causes a similar 
deflection of 45"^. What are the lelative strengths of the two 
current. 


Cj • Cg=tan 30^^ ; tan 45*^, 

26. In a tangent galvanometer a current of strength C causes 
a deflection of 30^, another of strength C' causes a deflection of 45*^. 
What is the relation of C to C' ? 

27. If an increase of the resistance of a dreuit by 10 ohms* 
causes the strength of the current to decrease from 5 to 2^ find the 
total resistance of the circuit after the change* 

Let E be the K. M: F. and X be the resistance of the 
^ circuit, then, we have 



and 


(i) 


X 
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8x 


0 «) 


- = 2 
lO 


whence 


^rs6*6 ohms. 


28. When n coil of wire is connected in circuit with a balterv 
and a tan&^ent galvanometer, the latter shows a deflection of 45®. 
If the wire is replaced by resistances of 24 and 25 ohms in turn, 
the deflection is 46'* in the first case, and 44'"* in the second. Find 
the resistance of the wire. Tan 44^= ‘966, tan 45^=1, tan 46'^= 
1*036. 

Let r be the resistance of the circuit and R that of the 
coil of wire. 

Then we have, 

C^Ktan 450 =K 


S i milarly ^ ^ 24 " ^ ^ ^ 


and - K X *966. 

r + 25 

wlience R + r* >" + 24 =1*036 . i 

and r-f 25 : i' + 24 =1*036: 966 

Solving, we get R=24*S ohms. 


29* A cell was arranged in series with a tangent galvanometer 
and a resistance box. A deflection of 40® was obtained with a 
resistance of 8 ohms, and a deflection of 35“* with lo ohms. The 
resistance of the galvanometer and connecting wire was ascertained 
to be 1*05 ohms. Find the internal resistance of the cell. Tan 
3 ^o_.j,oo 2, tan 40®= *839 1. 

30. Six similar cells are arranged in se« ie'., and the circuit 
completed through a coil of wire and a galvanometer. The resis- 
tances of the battery, coil and galvanometer are 10, 50 and 20 ohms, 
respectively. If the difference of potential between the terminals of 
the galvanometer be 2 volts, what is the S. M. F, of each cell of 
the battery ? 

Here current passing through =s and as this passes 


through the galvanometer, we have 


2 


20 


— =5 

10 80 


6 


or 


whence jE'= 8 volts 
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E. M. F. of each cell = i‘3 volts. 

31. A battery of internal resistance 4 ohms and E.J M. F Jtwo 
volts is connected to a wheatstone bridge arrangement and when 
balance is obtained the resistances in the arms of the bridge are 
5, 15, 20 and 60 ohms. Find the current in the battery. 

The equivalent resistance R of the bridge is given by 
^ I 

16 

^ = 16 ohms. 

Electrolysis 

The weight of ion liberated is given by 

W8= zCt where 

W= weight of ion in gms, 

C sssstrength of current in amperes, 
z = electrochemical equivalent, 

/ =:time in seconds. 

32. How many amperes would deposit 2 gms. of copper in 15 
minutes, the current being supposed constant ? 

Here W==2 gms. 5:= -0003276 and #=900 secs. 



=6-78 amperes. 


33. How many gms. of copper would be deposited by a constant 
current of 1 2 amperes acting for one hour ? 

34. gms. of copper are liberated in 5 hours by a constant 

current of C -nperes. Find the value of C. / 

"What < be the strength of a constant current which 
liberates $0 c.c. \ ' hydrogen in 5 minutes ? 



ELECTROLYSIS. 


H 


I c.c. of hydrogen weighs *0000896 gm. 
50 C.C. „ *00448 gm. 

And from the equation VV=Ca^ we have- 



Whence C* 

'0000104 X300 

= 1*4 ampere. 

36. Four cells were arranged ill senes and on connecting the 
terminals to a water-voltameter it was observed that 2*50 c.c of 
hydrogen were liberated at the cathode in 15 min. 32 secs, find the 
current strength. 

<* 

Comparison of Resistances by the Principle of Wheatstone’a 
Bridge 

In the Wheatstone Bridge arrangement, fSee De's Practical 
Physics, page 270) when there is no current passiftg through 
the galvanometer, we have 


P 

Q s 

where P, Q and R are the known resistances in the three arms 
and S IS an unknown resistance in the fourth arm. In a 
practical determination of an unknown resistance, the appa^ 
ratus which is frequently used is the Metre-bridge or the 
Post-Office Box. 

36. In a Wheatstone Bridge m which resistances o£ 10 and 
100 ohms respectively were used as the fixed resistances, a wire 
whose resistance was to be determined was placed : its resistance 
was balanced when the adjustible coils were arranged to throw 
281 ohms into circuit. What was the resistance ? 

37, A wire of resistance 5 ohms is connected in parallel with 
another and the whole joined to a wheatstone bridge arrangement. 
When balance is obtained, the resistances in the three arms of the 
bridge are 30^ 10 and 12 ohms, respectively. ^Find the resisiancc 
of the added wire. 
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Let X be the unknown resistance. Then the resistance S, 
of the divided circuit is given by 


And S is obtained from 

P R 
Q‘ S 


whence 



39. An unknown resistance x and a qoil of 10 ohms are put on 
the gips of a metre bridge /ind balance is obtained when the jockey 
stands at 35 cms. from tlic end nearest the unknown resistance. 
Find the unknown resistance. 


Hint I — — , whence x is found. 

100—35 

40. Twio resistances of 10 and 30 ohms are put in the gaps of 
of a metre- bridge. At what position of the key there would be no 
•current in the galvanomctei ? 
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4*9X miles 7. 3‘a x conds 9 . iS*i- 

40 cms. from the smaller if between the two or 1 ao cms. 

from it, if the lamps are on the same side. 

Here is a nusprint—the lutter portion should read 
tkus^where must a screen be placed between them so 
to be equally illuminated by each. Between the 
two flames and 60 cms. from the 9 c.p. lamp ; 420 cm. 


beyond the lamp. 

13 . 

1*26 metres. 

Distance from 66^ /• cms ; 

16 . 

79 cms. , 

20 cms. 19 1 20® > 

20. 

45 ®. 


6o^« 22 (1) infinite no. ot images, (ii) 35. 

(iii) II. (iv) 7. (v) 5. (vi) 3 ; when the mirrors are 
parallel an infinite number ot images are formed. 

The image is 667 cms. behind the mirror and is virtual, 
enlarged and erect. 26 48 cms. 

(i ) «=2/. ( 2) u=sf. 29 The image is at 

infinity and in dimension equivalent to a point. 

Image is teal and 026 cm, high. 34 . Here is a mis* • 
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read 4*2 ; The image is 15 5 cms away ; real, inverted, 
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150/13 cms. away and is inverted and 3/13 times the 
object. 37 * Image is inverted, 4/3 cms. in sise 

and — 2 cms. from the object. 38 . 6 inches. 

2 in. behind the mirror. 41 * *5 5^6 cms ; 

->8a/4 cms. 42 . ^=3, /=;i8/7. 43 . focal length 2*5 
cms ; the mirror being concave. 

*73- 49. 30°- 61 - 9 / 7 « 

17 app. 54. 8/9. 66. 1^ in. nearer 

4*38 ^ 69 . 1*3. 61 . V2. 

0 j cms ; virtual. 65 - At infinity. 
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— 72 cms. 71 . 2/; 3/; 78 . focal lengths 

3j ; convex. 74. concave lens; 200/17. 
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10^9 ; concave. 77* 80 cms. 
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24 cms. 84 — ^ ; ■A* 86. —3. 

21 4 cms. 91 . Concave spectacles of 6 in. focal 
length. 
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For the convenience of reference the subject-matter of 
each question has been shown on the margin on the right hand 
side. In cases where a question has been repeated in the Univer- 
sity Papers vf different years ^ the year^ the paper and the 
question number of such repititions have atso been put in the 
margin ffrom which it is hoped^ the student will be able to realise 
the importance of a question from the University stand^point. 

For draining graphs students are advised to provide them- 
selves with square papers of the same size as are often supplied 
at the examination hall. Such a piece of paper generally contains 

f 

8 big divisions on one side and lO on the other ^ each big 
division containing to smaller ones. It should be remembered 
that such numerical values must be assigned to a division on the 
square paper along each axis, such that the graph when drawn 
may fairly extend through the whole of the square paper. The 
nature of the graph may next be verified from those that have 
been inserted in thi\ book. For directions on drawing graphs 
tn Physics, see Dds, Practical Physics, page i8. 



PHYSICS. 

1909. 

fMR. C. VV. Peakk. 
Papt! -setters Mr. R. S. Trivedi. 

[I)r. E. P. Harrison. 

FIRST PAPER. 


Only Seven questiones to be attempted^ oj which the tenth 
must be one. All the qustiones are^of equal value. 


1. You are provided with a strip of plane mir- 
ror, some pins and drawing materials. How would fr^m®Pia?n 
you prove experimentally that the image of a fixed Mirror, 
object lemains in the same spot whatever may be 

the position of your eye ? 

2. What do you suppose to be the cause Colour of 
the colour of an opaque' object illuminated by 

white light ? 

Why do ordinary blue and yellow pigments 
appear green when mixed ? 

Objects which appear variously coloured in 
white light are illuminated by soduim flame. 

Describe and explain the effect observed. 

3. Explain by means of diagrams, how the convex 
position and size of the image varies with the posi- »ni»*ror. 
tion of an object for a convex spherical mirror. 

An object of height i inch is placed at a 
distance of 3 ft. in front of a convex mirror or 4 
feet radius. Find the position and the magnitude 
of its image. 

4. A short-sighted man who can read clearly 
when the print is not more than 3 inches from his 
eye, requires spectacles to enable him to see a 
distant view. What kind of lens does he need and 
what opittst be their focal length ? Draw as accu- 
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Vapour pres- 
•ure. 


Pitch by Ret- 
onance Colu- 
mn of air. 

n-l-O. 

14-1-8. 


Loudnaic. 

12 - 1 - 8 . 

Quality. Uceef 
Resonance 
box. 


rately as you can, the path of a ray of light from* 
a distant object through the lens of the man’s eye 
{a) without the spectacles {d) with the spectacles. 

5. Two barometers stand side by side. A few 
drops of water are introduced into the vacuum of 
the one and a little air into the other. What would 
be ihe effects on the errors in the barometer read- 
ings thus produced of (a) a change in the atmos- 
pheric pressure (b^ a change in the temperature ? 

6. Assuming that the velocity of sound in air 
is known, describe in detail one method of measur- 
ing the vibration frequency of a tuning fork. 

7. Describe the physical cause which gives 
rise to the sensation of loudness and of quality in 
a musical note. Why are the strings of such an 
instrument as the violin mounted upon a hollow 
wooden box ? 


to.Qr. 

13 - 1 - 3 . 

15 - 1 - 2 . 


Pendulum. 


8 Describe carefully any two methods of 
finding the specific gravity of a piece of glass, 

9. Two simple pen4uliims of length i metre 
and i*i metre respectively start swinging together 
with the same amplitude. Find the number of 
swings that will be executed by the longer pendu- 
lum before they are again swinging together. 

-978 cms/sec.] 

10. From the following data plot a curve 
showing the variations in the volume of a mass of 
water with the temperature. Find graphically two 
temperatures at which the volume of one cubic 
centimetre of water at o* becomes equal to 0*99990 


c.c. 



Temperatuie 

Volume 

Temperature 

Volume 

Graph 

0 

1 *000000 

7 

o'99995» 


1 

0*9^9948 

8 

I '000003 


2 

0-999911 

19 

I *000068 

Vol. tf 

3 

0*999889 

10 

I -000147 

water at dlfT. 
temp. 

4 

0*999883 

II 

1*000239 


S 

0*999891 

12 

1*000344 


6 

0-Q999I4 

|3 

1*000462 
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SECOND PAPER, 1909. 

Answer any Two ou/ of questions /, 2, and 3, 
and Five from the rest. 

1. What do you mean by the term Mechanical 
Equivalent of Heat ? 

An engine of 1 horse power is used in 
boring a block of iron of mass 1 000 lb. Assuming 
the whole of the work done by the engine is used 
up in heating the mass of iron, calculate approxi- USSniof belt 
mately the rise in the temperature of the iron after 
the engine has been working for 20 minutes. [The 
number of units of work required to raise the tem- 
perature of f lb. of water 1“ Fahr.=772 foot lbs. 

The sp. heat of iron=:o i: i horse power =5 co 
'foot Ib./sec.] 

2. A small solid metallic object is immersed in upward Pratt, 
a beaker of water and suspended from the arm of a in a liquid, 
balance. What whould be the effect on its appa» 
rent weight as indicated by the balance of 

(iz) an increase in temperature of the water 

\h) an increase in the temperature of the solid 
an equal decrease in the temperature of 
both water and solid? 

3. What do you mean by the term Latent 
Heat of Fusion of a substance? 

A limp of ice weighing 100 grammes is placed 
in a beaker containing a litre of water at a tempera- 
ture of 52*0. When all the ice has melted the 
temperature of the water in the beaker is observed 
to fall to 4o*C. Find the Latent Heat of ice, neg- 
lecting loss of heat by radiation and conduction. 

4. State Faraday’s lAws of Electrolysis. 

0*4 gram of metallic copper is deposited in 
half an hour on the cathode of an electrolytic cell 
during the passage of a steady electric current. 

Find the value of the current and name the units 


Lt. heat, of 
fusion. 


La we of 
Electrolyaie. 
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Electromag- 
fietic indue 
tion. 


11.IIB-4, 

13.11-10. 

14-1 1-B. 


Metre- bridge. 


Heating efTect 
•f a current. 


Mag. lines of 
force. 


in which you express your result. Electrochemical 
equivalent of copper*- 0*000336. 

5. , Two coaxial cylindrical coils of wire, insulat- 
ed from one another, are arranged so that the outer, 
one is connected to a galvanometer and the inner 
one to the terminals of a battery. Describe con- 
secutively the behaviour of the galvanometer when 
the battery circuit is suddenly closed, left closed 
for two or three minutes, and then opened. When 
the battery circuit is open, describe exactly what is 
the effect of putting the north pole of a bar magnet 
into the middle of the inner coil. 

Illustrate you; descriptions by careful diagrams. 

6 Give the theory of Wheatstone's Kridge 
method of measuring a resistance. Draw a diagram ' 
of an ordinary metre* bridge and show clearly the 
various connections that have to be made ini 
practice. 

What is the effect observed if the galva- 
nometer ciicuit is closed before the battery 
circuit ? 

7. A coil of wire of resistance 2 ohms is 
soldered to two thick copper rods and immersed^ 
in 1000 grams of oil (sp. heat of oil o 6). A current 
of strength 3 amperes is passed for 30 minutes. 
Neglecting the water-equivalent of the calorimeter, 
loss of heat by radiation etc., find the rise in tem- 
perature of the water. A current of i am()ere 
passing through a resistance of i ohm for i sec. 
generates 0*2387 calories. 

8. Describe what is meant by a line of force 
of a magnet. Two bar magnets are placed end- 
to end with the North poles towards one another 
separated by few millimetres, Draw the lines of 
force in the plane of the paper, neglecting the 
effect of the earth's field. 

What would be the effect on the magnetic 
field of placing a small ring of soft iron (with 
its plane parallel to the plane of the paper) in the 
space between the north poles ? 
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^ 9 The poles of a bar magnet are not neces- 

sarily on the axis of symmetry of the magnet. 
How would 3 ^u find experimentally the direction 
of its magnetic axis ? 

^ 10 . A strip of copper and a strip of zinc are 
dipped into a vessel containing dilute sulphuric 
acid. The strips are attached to tha two termi- 
nals of a galvanometer the needle of which is ob- 
served to be deflected. This deflection decreases 
considerably after the strips hav» remained for 
some time in the acid. Why is this ? What me- 
thods have been adopted in practice to avoid 
this effect in voltaic cells ? Give examples. 


Mag. axit of 
a magnet. 


Defectaof a 
simple cell 


and their re- 
medies. 
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I. The image of a fixed object in front of a plane mirror seems 
to be formed at a fixed point behind the mirror ; hence from what, 
ever position of the eye it is looked at, it remains at the same spot. 

Tojgggifi the position practically, we should proceed in the 
following way (See De* -Practical Physics, page 163). 

Z' . VVhen white light is incident on an object, a portion of 
light is absorbed and is frequently converted into heat, a second 
poition is reflected while a third is transmitted. The colour of 
opaque bodies is due to the reflected light, while a transparent 
body has its colour determined by the transmitted light. 

pigment absorbs all the components of white light 
except the m di go. blue^and CTegjp (the first and the last being 
adjacent colours are not absorbed)?" Similarly, the yellow pigment 
absorbs all except the green ind igo and red. Thus a mixture of 
the two appears green, tor it is the only portion, that is not absorbed 
by either. 

Thus a body is of red colour berause red is the predominant 
colour in the light reflected from the surface of the body. The 
presence of other colours in the reflected light will determine the 
so-called 'shade' of red. 



96 


ANSWERS. FIRST PAPER-* X9O9. 


I 


Qb j e,ct ^ coloured other than yellow in the ordinary day light 
whenDrou^ht under Ifie ydlow fi^t* of a sodium flame appear 
black , because the yellow rays are all absoVBST'B^'fiFBody and 
TRere is no other ray to be either reflected or trasmitted by the body 
which determines the colour of a body, opaque or transparent. 
Obie..ts coloured yellow, will appear very bright because the yellow 
rays are not absorbed but reflected or transmitted, as the case 
may be. (See Glazebrook-^Ari, 125 • also Ganot^Ari. 380,) 

3. For a convex mirror the image is always virtua l, erect, 
smallertl Ta^^l^iye^o bj^t ancT oh tfie'siSe .pT tKejm or remote frpm 
tTiemjfi ct. WKenTHe object is at infinity, the image is on the 
locus andls almost a point m i\ze. As the object approaches the 
mirror, the image moves from the focus to the mirror increasing in 
size from a point to that of the object itself. 

The following two figures will illustrate the point. (Here 
draw a fig. after Jig. 6g Glaeebrook . — Light. Next draw Another 
to show the position and size of the image when the object PQ is 
taken nearer. Show that the image has grown bigger ancThas 
approached the mirror). 

In the example given, ^=3 ft. ra*— 4 ft., /*sf'/2=s — 2 ft. 

Substituting m the usual equation 


We get 
Whence 


i+i-i. 

u f 

1- — i, 

V z 2 

z/=— -6/5 ft. 


Thus the image is virtual and is formed behind the mirror. 
Again the magnitude of the image is given by 

Height of image _y J 61 $ 

Height of object ""m’ i iw*" 3 

Therefore the image is 2/5 in. long. 

4. A short-sighted eye cannot focus for a distant object • in 
^ other words, a pencil of parallel rays is made to converge by the 
human lens at a point not on the retina but a little in front of it,— 
th^ lens being too much convergent To focus the parallel rays at 
point on the yelldw-spot, a little divergence should be introduced 
before the rays pass through the human lens • this can be secured 
by the use of an auxilliary concave lens in front of the human lens. 

The function of the concave lens will be to produce an image 
of a very distant object (the rays from which may be const* 
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•dcred parallel) at a point 3 in, in front of the eye. so that the eye 
«an then focus for it. In other words, the concave lens must 
lave a rocal lenj^h of 3 in. Objects at nearer diaiances will have 
4 heir images within 3 in. ; thus alt objects will be seen. 



Fig. (a) a Myopic Eye-.without Spectacles. 

Fig. (b) „ „ WITH „ 

Fig. (A) shows the path of light from a distant object, pass- 
ing through the eye without spectacles . fig. (B), with the specta- 
cles on. ^ 

5. The barometer containing air : — ^ 

(a) Changes in atmospheric pressure will produce smaller 

variations in the height of a barometric column than in the case of 
a true barometer, on account of the elasticity of air in the faulty 
barometer. ^ 

(b) When the temp, is diminished, the height of the column 
will inciease as the volume occupied by the air above the mercury 
level will dimmish. With rise of temp, the gas expands in 
volume, Its pressure also increases and the result is that thecoliimik 
of mercury is forced down* 

The barometer containing water Here we have to consider 
two cases viz., 

(1) When the space above the mercury columii is unsa- 
turated. 

(2) When it is saturated with water>vapour. 

In the first case, it will behave like a gas and the observation 
. will be as in the previous case. 

When the space above is saturated, (a) changes of atmospheric 
pressure will be correctly shown, since the pressure of aqueous ’ I 
vapour is constant. The pressure of saturated aqueous ^pour^ ** 

7 
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SO IcMiff as' temp remains constant, is constant and ts obtaini^d 
the diSerence in height of the mercury cotumn in the correct.hiurD 
, meter and that in the faulty barometer. ^ . 

(b) A rise of temp, would reduce the mercury cdtnmo, foc» , in 
that case pressure of aqueous vapour increases ; while, a fait of 
temp, would increase the column. 

6. We can determine the frequency « of a fork from the 
relation 

Velocity = frequency x wave length. 

To find the wave length in air of the note emitted by the fotk 
wc arrange to have a resonant column of air corresponding to the 
note. 

(For the practical portion see Dfv Saund. Art J5, and for the* 
application of the formula see Art 75). 

, 7. For Loudness - See De^Sound^ Art ^7 

,, Quality-*- „ ArU 4^^ 66 last para. 

For the second part of the question— See De Art jj M) 

^ 8. [a) Hydrostatic Balance method, See De Prac. Physics, p. too.' 

(b) Nicholson Hydrometer— See PracUal Physics pp, io^-4. 

/ 9. The period of oscillation in the case of the shorter pendulum 
27 rA/i^. 

* ^ 

For the longer one 

g 

Let the two pendulums ^tart swinging l^ether. ^ Now. 
when the longer one has finished the fir!»t oscillation, it has taken 
^1 seconds more than the shorter pendulum. 

Let n be the no. of swings of the larger pendulum aktr 
which both swing together again. When this occurs, 19 
must be equal to fg or a multi^e of /g. 

« 

It (^g - A X /g, where A is any mtegar. 

A fg _ ^ v^i 10 

“ "Tiio^Vioo 


Or 
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10 

_ > ii04>io>/no 
10 


= A (11+ Viio) 


= A 


X 21*2 = 



Therefore, to [get a \ihole number for the value of », the 
least value of A must be 5 


iV. ^ —This IS not a fair question for an I. Sc« Paper. In faet, |he 
closer IS the approximation taken in finding the roots of the irratioiiEl 
quantity, the value of n would go higher. Strictly speaking, the corre«t 
answer would be infinity. 


10. Prom the graph in the opposite page the reqd. temperatures 
aie 2^*41 and S®*4C. when the volume is o 9999C.C. 

Here y axis represents the volume in c.c. 

1 big division ^0000120, so 1 small div.»*ooooi 9 i 

And X axis represents temperature in centigrades 

2 small divisions ssiX. 


SECOND PAPER.-.1909. 

I. For the meaning of the term Mechanical EquivaltAt of 
heat see page 40 of this book^ 

In the example gi^en 

Heat generated by the engine in 20 minutes 

ss work dune by the engine Xq^r < 

^ 550x20x60 
“ 772 

= *S 47 units ( taking the heat nH|l » ni^ Sift 
temp, of I lb. of water through /‘as the unit 
of heat. ) 
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Now heat generated by the engine 

ss Heat absorbed by the iron 

= lOOOXO'f X/ 

%,e, 8547 5= too t whence t = 8^*547 F 

* 1 

.y 2. From Archimedis* Principle we know that a body immers- 
‘^ed in Uouid loses a part of its weight equal to the weight of the 
displacea liquid. 

(а) When the temp, of the w iter increases, its density decrea- 
ses. hence the weight of the displaced liquid being less than before, 
the body appears heavier. 

(б) As the temp, of the solid only increases, it expands in volume 
and displaces more liquid than before, thus appearing lighter. 

(c) For an equal decrease in temp, of both water and the 
solid, the following changes occur , — (i) the volume of the 
body diminishes (2) the density of the water increases. But 
as liquids contract more than solids (their co-efficient of exoajauaa 
^S^ ter\ the^ weighr of a "volb^mrofWttf 
equal to that oT t h e solidi s gr eater tFan before ahd the body thus" 
l osing greater Amght ^ppears lighter. 

3. For Latent Heat of Fusion of a substance— See Glagehrook 
Art 1 12 (4). 

In the example given, 

Heat gained by 100 gms. of ice in rising from 0*^0 to 4o^C. 

= A X 100+ 100 (40—0) 

= 4000 + 100 L units 

Again, heat given out by i litre of water at 52X in -falling 

to 40X = 1000 (52—40) 

= 12,000 units 

Now Heat given out by water = Heat absorbed by ice 

i.e. 12000*^1 4000 + 100 L whence L= 80. 

4. For Farad ly s I-aws— See Poyser^Advanced Mag, and 
Elect, Page 270. 

From Faraday's I.aws, we have 

W = Cet See page 82 of this hook 
Here W =0*4 gm. ar-o'ooo326 and #=30x60 seconds. 



t02 


ANSWBltS. SECOND PAPER — 1909. 


Thus 0*4 =Cxowo326xiSoo 
whence C =*68 ampere 

5. For the diagram— ‘See Poyser, Fig, 248, page 28$. 

For the effects of the current and the magnet — See the ex- 
cellent table given in Poyser, page 286, 

6. For the theory of Wheatstone bridge— See De* Practical 
Physics Page 2^o-yI, For the diagram of a metre-bridge and 
rts arrangement see page 2^2 as above. 

If there is induct^ince in the circuit there will be a sudden 
big throw of .the galvanometer which may disturb the adjust* 
ment 

7. In the question there is a misprint, read oil for water . 

Here, we have that a current of 1 amp. through a resistant e 

of I ohm. and acting for one second generates 0*2387 calories. 

And, we know that H, the heat generated is proportic'iial 
to C», 

Here H -3x3x2x30x60x0*2387 
=7733*88 calories. 

This (juaptity of heat has been absorbed by 1000 gms. nl 
oil of specific heat 0*6 and its rise of temp, t is given by 

1000 X 0*5 X/»7733’88 
whence f=i2®9C. 

tS. See Practical Physics ^ page 208, 

The lines of force will be like those shown in fig. 20 
Poyser ^ page 22, 

For Ihe eftect of a soft iron ring. See fig. 33* ioyser, 

^ 9, I n determining the magnetic axis it is to be remembered 
that the latter is always p^alleFto tfie magnetic meridian and a 
freely suspended magnet always rests in the magnetic meridian. 

To find the. magnetic axis, fix two pieces of card-board, 
one on each**T» the bar-magnet. These pard-board pieces 
should have hole each to which a vertical cross- wire is 
attached. Now let the magnet be freely suspended over the 
drawing board when it will be found to rest paiallel to tie 
magnetic meridian and the cross- wiies will seem to coinckie, 
when looking through the hole nearest the e>e. Now fix two 
pins on the paper so that these two and the cross-wires appear 
to lie on the same straight linei Draw a st. line joining the pins. 
Again, turn the magnet upside down and obtain another straight 
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line in^the same way. It will be found that tfiese lines intersect, and 
-the line bisecting them will give the magnetic axis of the bar* 
magnet. 

10. The current in the cell may stop owing to the following 
causes : 

1. Neutralisation of the acid— which may be remedied by 
.replacing the acid. 

2. By Local Action— which may be remedied by the amal- 
gamation of the zinc plate — See Poyser page 190. 

3. Polarisation — which may be remedied by the following 
means . — 

(1) Mechanical — by brushing the plate from time to time 
and making the surface of the plate rough. 

(2) Chemical— by using a second liquid in the cell which 
will oxidise the hydrogen bubbles.— See Poyser, page 191. 

(3) Electro-chemical — by using a porous pot within a cell 
and arranging matters such that some solid metal such as 
copper shaU be deposited on the cathode instead of hydrogen 
bubbles. 
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questions are to he attemptedt of vihtch question lOtnusf 

he one^ 


To show g is 
const at the 
aamo place. 




Gr. 

a cork. 


ProsBura in 
a liquid. 


I, Describe in detail how you would test by means 
of pendulum experiments whether the acceleration due 
to gravity is the same for all substances. 

^ 2. A prism of cork, i6 cms. high, and of square 

section equal to 2 cms. side is cehiented to h ' prism of 
lead of the same cross section and i cm. high. The 
compO'.ite prism is allowed to float in water. How 
much of it will project above the surface of the water ’* 
r Specific gravity of cork. 0*25, specific gravity of 
lead. II, ] 

3. Define intensity of pressure at a point in a 
' fluid.’ Prove that the difference of pressure between* 
the surface of a liquid and a point in the liquid z cms. 
below the surface is given by p=zgde^ where d is the 
density of t)ie liquid, and g is the acceleration due to 

gravit3\ 

A' U tube, open at one end and closed at the other, 
IS partially filled with mercury ( density 13*6 ). The- 
closed end of the tube contains some air, and the 
mercury in the open limb stands 30 cms. higher than 
it does in the closed limb. Find in C. G. S. units, the 
intensity of pressure on the air in the closed end of 
the tulie. 


4. A cylindrical tube made of non-conducting 
material and closed at both ends contains 500 grams of 
which, when the lube is held vertically, occupy 
6 cms. of the tube length. The tube is suddenly in- 
verted so that the end originally above is now below,. 
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ard the shots fall to the other end of the tube. The 
^be is then aftfain quickly inverted, and this process 
is repeated aoo times. At the end of this process the 
temperature of the shot is found, by means of a ther- 
mometer! to be l'4*^ higher than it" was at the begin* 
ing of the experiment. Find the value of t he me chani- 
m equivalent of Jieat."^(lgp^iiRc nearfflead, *03. 
It IS assumed that no heat is lost by radiation and 
conduction. ) 

5. Describe an experiment which illustrates the 
refraction of radiant heat. Be very careful to explain 
wlut you would use as your source of radiant heat and 
how you would detect the refracted beam. 

6. Distinguish carefully between saturated and un- 
saturated vapours. 

Into a cylinder exhausted of air and provided with 
a piston there is introduced just enough water to satu- 
rate the space at 20°C. Describe what happens und<T 
the following conditions — 

(«) The volume of the space is increased by pulling 
out the piston. 

(6) The volume is diminished by pushing the* 
piston down. 

(r) The volume remaining as at first, the tempera-^ 
ture is increased to 30'^C. 

{d) The temperature falls to loX. 

7. Describe some simple form of syren. 

The disc of a given syren has 32 holes. A tuning- 
fork makes 512 vibrations per second. What must be 
the speed of rotation per minute of the syren disc so 
that the note emitted oy the syren may be in unison 
with that em itted by the tuning fork ? 

8. Explain what you mean by amplitude* of vibra- 
tion, and velocity of propagation, in the case of a 
longitudinal wave. 

When are two vibrating particles said to have the 
same phase ? 

What are ^taii onary waves ? How arc stationary 
waves produced in the case of a Stopped' orcfan 
pipe? 


Refraction of 
Radiant heat# 


Saturated end 

uneatureted 

Vapour. 


Syren. 


Amp, of 
vibration 


Phase 


Stationary 

waves. 
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‘^for giMt. 


Graph. 


Verification 
of Boyle's 
yLaw. 


Deviation by 
a Prism. 


Photometry 


Pure 

spectrum 

11.il/-4. 

13-1U2. 

14.11.4. 


9. A lon^r glass tube of uniform capillary bore 
contains a thread of mercury which at is i metre 
long. At looX. it ts i 6‘5 mm. longer. If the average 
coefficient of volume expansion of mercury is *«)OOl82, 
whrit 1^ the coefficient of Jinear expansion of glas^ ? 

10. In an experiment which had the verification of 
Boyle's laxv for its object the following data were 
obtained : — 

Pressure in millimetres of mercuiy ; — 

230 I 410 I 580 1 760 I 850 I 930 I 1010 I ; 

Volume in cubic centimetres . — 

167 I 102 I 73 I 55 49*2 I 45 I 4X*4 I • 

Draw a curve representing the relation between 
volume and pressure at the given steady temperature. 


SECOND PARER. 

An^iver any two out of the first foiiY and^ five 
from the rest, 

1. Explain how. by means of pins and a large 
^lass prism, you could obtain the relation between the 
deviation of a pencil of light and its angle of incidence 
on the prism f.ice. Draw a curve Showing the kind of 
graph \ou would expect to obtain, and briefly discuss 
the meaning of the graph. 

2. You are given a drawing board, a sheet of 
wliite paper, a lead pencil, and a metre tipe. Making 
use of these articles, how would vou compare the 
candle power of two kerosene oil lamps of different 
p.ittci ns T Supposing that the candle powers of Uie 
two lamps are found to be 25 and 40 respectively, what 
were their relative distances from the screen ? 

3. You arc asked to pioduce a pure spectum of 
sun-light. For what apparatus would you ask ? 
Describe in detail how you would arrange the appara- 
tus ^ Suppose that (a) a flame of Bunsen burner 
coloured 'by sodium chloride (A) a vacuum tube cotain- 
iiig hydrogen and made luminous by means of an 
electric discharge w'ere used instead of the sun as a 
source of I'ght, describe in general terms the spectra 
produced. 
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4. Draw figures, approximately to scale showing 
- the paths of the light rays and the positions of the 

images formed when a luminous object f sav an 
arrow ) is placed at a distance (a) of 1 inch (b) of 6 
inches from a convex lens of 2 Inches focal length. 

5. *' State the law of Ohm. If you were given a resis- 
Itanccbox, a tangent galvanometer and an accumu- 
lator cell of small internal resistance, also copper wire 
etc., how would you test the truth of the above law 
experimentally ? 

^ 6. You are i»iven an insulated charged body. A, 

hollow insulated conducting body B. and a larger 
hollow insulated conductor C. The vessel B can be 
placed entirely inside C without touching it. Show 
how it is possible to give to C any multiple of the 
charge on A without biinging A into contact with 
anything. 

7. How would you prove the law of inverse 
squares for magnetic fotces given (a) a magnetised 
rod of steel about a metre lonp (^) a small suspended 
magnetic needle, (c) a measuring rod and (f/) a stop 
watch f 

8. You have at your disposal (a) three Dmiell’s 
cells (6) a beaker (c) some platinum foil (f/i •‘Ome thin 
sheet of copper (e) a litre of dilute sulphuric acid, ( /) 
insulated copper wire, (g) clamps &c. Draw a diagram 
showing how you would arrange matters for the pur* 
pose of studying the electrolytic effect of the cells, if 
one, two, or all the cells are joined up in senes. What 
different results would you obtain in the three cases ? 

9. Describe what you obs-rve when a discliarge 
from art influence' machine is passed between tuo 
smooth metallic balls placed at varying distances from 
each other. What difference is produced in the ap- 
pearance of the spark by placing a capacity in parallel 
with the spark-gap ? State your ideas as to the mecha- 
nical process involved in the passage of the spark, 

10. A current is flowing in a straight wiie four 
meters long. You are given a magnetised steel needle 
about one cm. long suspended bv m^ns of a silk fibre. 
How would you prove experimentally that the strength 
of the magnetic held due to the current falls off as the 
distance from the wire increases f 


Image by 
Convex lent. 


Ohm'e Law . 
II.IIB. 3 . 


Eleetre-tta«le 

Induction 


Proof of 
mag Law of 
Inveno 
tquarot. 


Electrolyeia 


Electric 

discharge aa 
sparks 


Mag. force 
due to a 
current. 
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1. The period of oscillation ^ of a simple pennulum is given by 

^ g 

where I ■■ length of the pendulnm measured from the point 
of oscillation to the point of suspension (The pt. ^of oscillation 
is very nearly the centre of gravity of the pend.) and g=the 
acceleration due to gravity. 

Take spheres of diff. substances, say, lead, copper, ivory etc. 
and suspend each in turn by a string, so that the length I which 
is equal to the length of the string •)- the radius of the ball) is 
the same in each case. The radius r is obtained from the 
mean of several measurements of the diameter of the spheres, 
taken by a slide- calipers. 

Note the time taken for some 20 oscillations and hence find 
t ; it will be observed that neglecting the resistance of the air 
the penduldms oscillate in equal times, thus showing that the 
acceleration due to gravity is the same for all substances at 
the same placed 

We know that a body floating in water displaces a quantity 
of water equal to its own weight. ^ 

Here volume of the cork=2X2X i6=f'4 cc. 

„ ,. lead=2X2Xl = 4 CC. 

.*. wt. of cork=64Xo*25 =16 gms. 

„ „ lead-i4Xii =44 gms. 

Total wt.=44 +16 =60 gms. 

Let h be the length of the composite prism within the- 
water. 

'I hen, vol. of water displaced=? X2 x h cc. 
wt. of displaced water =2X2x/i gms. 

which must be ^ gms. 

2X2Xh =60 gms. whence A — 15 cms 
the length out of water=( 16— 15)5=1 cm. 
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3. Intemity of pressure a ^0/12^ in the fluid is the pressure 
oti unit area round the point, supposing the pressure is uniform on 
:the surface of the fluid. 

.Press, at a pt. A within the liquid 

* = Diff. of press, at the liquid surface and at A 

press, on a unit area round A 


= wt. of a column of liquid standing on the unit area 
and reaching the liquid surface 


= mg 

where m is the mass of the liquid 

= vdg 

where v is the vol 

and the density of the 


liquid. 

=gdg 

for v=2X I 



M^ut vol. of liquid in the column 

= height of the liquid x its cross-section 
Again, press, on the surface of the liquid =7 

where tt is the atmospheric pressure. 

Total ^ress at Assir^giig 
So that the diff. in press, at k^gdz, , 

Draw a fig. of the U— tube and show the heads of the 
fliquid columns in it. 

Press, of air in the closed limb. 

=atmos, press. +that due to a column of 30 cms. mercury 

As the atmos. press, and g are not given here we may take 
their normal values, namely, that due to 76 cms. of mercury and 
>1981 dynes respectively 

.*. Press, of air — that due to (76+30) or 106 cms. of mercury 
= io6x 13*6x981 dynes=r4Xio® dynes. 

4. Here, mass of lead =500 gms. 

No. of times the tube is inverted =200 

Dist. in cms. the shot falls =s(/-6) cms. / being the 

length of tube. 

Rise in temp. =i%C. 

:Sp. heat of lead =0*03. 

The work done by gravity =s 200 x 500X / gm.cms.uuit5 



no 
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Heat gained by lead 
Mech. Equivalent, J 


■•5DOXO'03X [*4 units 

Heat gained 
^ 2ooX500x(/— 6) 
5 ooxo' 03 xr 4 
=4762 X (/— 6)gm,ciTis.uniti> 


In the example /, the length of the tube is not given. Taking 
the value of J=4*2Xio^ gm. cms. units the intended value ot 
I is about 15 cms. 

5. An excellent answei to the point is given in Qiazebrook^ 

160 (/) and {it), Experiment. 50 (a) and (6). 

6. For distinction between saturated and unsaturated vapour 

pages 12^ and Glass ebrookt Heat. State' the effects or 

changes of temp, and pressure on saturated vapour {page 124) 
and on unssturated vapour (pages 131 32 tbiiT). 


For the second part of the question 

(a) The vap mr becomes unsaturated, as the volume of, the 
space which is* now increased, tan hold more vapour. 

{b) When the volume is decreased, there is more vapour 
than would saiuratethe space, therefore some vapour is condensed. 

{c) The temp, having increased the saturation pressure 
increases but as there is no more liquid to vaporise, the space 
becomes unsaturated. 

Some vapour is condensed while the space remains 
satura^d with the saturation pressure at lo'^C. 


7. For the figure and description of the syren, see Sounds 
Art 54. page 75. 


Now frequency of the fork 

=frequency of the note from syren, when in unison. 

=sNo. of holes in the syren disc x no. of revolu- 
tion per sec. 


or 5i2s:32X/i ifss 16 time per second ‘ 

=^960 .» t, minute. 

8. In the case of a longitudinal wave such as a sound wave 
the displacements of a particle in the medium through which the; 
wave is passing, take p 4 ace along the direction of propagation of" 



ANSWERS. FIRST PAPER, -^I9TO. 


1 11 ^ 


the wave, ih other words, the particle moves to-and-frb about 
its mean position, its motion being of the ty^ of a Simple Har- 
monic Motion. 

The maximum displacement of a vibrating particle on either 
side of its mean position is called the amplitude of virbration. 

The velocity of propagation of a wave is measured by the 
distance traversed over by the wave in one second. If X be 
the wave-length i,e, the space passed over in the time of one 
period (T) of the vibrating sonorous body, then 



Two particles ar e said to be in tlie sa me pha se when they 
vibrate^ in exactly the ^me way, same period 

and amplitude t hey jpass, tuftne in their 

pStfiTaTtHe same instant. \Pe, Sound Art 13. (6)] 

When a region of a medium is affected simultaneously by 
two similar waves 1. e* of the same period and amplitude, 
travelling in opposite, directions along the same line, it is 
thrown into a state of vibration, known as stationary vibration 
Places of no motion (i.e. nodes) and those of maximum vibra- 
tions ( I. e, anti nodes ) become permanent or s^tionary in 
position. 

The displacement at each point is in a fixed relation with 
respect to that of any other point. I’nlikc a progressive vvnve 
cveiy particle has not to pass through a cycle of displacements. 
Hence in a. stationary vibration there is apparently no trans- 
mission of vibratoi^' motion from particle to particle. 

In a stopped organ-pipe, the incident wave and its reflec- 
tion from the closed end interfere with each other and give 
rise to a stationary undulation. The position of nodes and 
antinodes within the pipe can be experimentally investigated. 

N» B, The explanation of the formation of stationary waves is 
outside the syllabus of the Intermediate Course in Physics ; hence a 
detailed answer has net been given. 


9. Expansion of 1 metre or 1000 m.m. of mercury in length 
lor rise of temp through foo^C is through 16*5 m. m. in length. 


Co«efh. of relative expansion of mercury 


lOOOXIOO 


O'«00 165. 
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1. For the practical portion see De^ Prac* Physics Jig* igT* The 
nature of the graph is 

shown m the adjoining v , 

figure, where the Y-axis , / 

repref^ents the devia- T| 

tions corresponding to c 

the angles of incidence 

represented along the .2 . X 

X — axis. The ^raph 5 \ 

shows that the deviation ^ 

has a minimum value — 

for a certain .angle of 
incidence marked by an 
arrow in the figure. 

For any smaller and lari^r angle of incidence the deviation will 
be greater. 

2. With the apparatus supplied we can arrange a Rumford's 
Photometer. The pencil, held vertically in front of the board on 
which the sheet of white paper is gummed, can serve for the rod. 
Two shadows of the rod will be cast on the board due to the two 
lamps in front. 

Adjust the distances of the lamps so that the tm shadows 
appear to be equally dark ; thistpccurs when the intensity of 
illumination on the screen due to etch luminous. isource is the 
same. Next See De, Prac, Physics^ Page i$6^ 

In the example, the squares of the distances must be pro- 
portional to the candle powers. 

• • 40 

or 

3. For production of a pure spectrum see Oe, Prac, Physics 
pafre igs. For discussion on the purity of the spectrum so ob- 
tained, see Glazebrook'- Heat .page 186, Art* iit. 

For the second part of the question 

(«) In this case only a bright yellow light is seen. This 
occurs in the yellow part of the spectrum of white light. 

(h) In this case bright line^ characteristic of Hydrogen 
are observed. Two are very prominent, one occurring in the red 
part and another in the green part of the solar spectrum. A - 
third line, fainter than the other two, is also seen in the blue part 
of the spectrum. 

8 
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4. (a) The case is th?t of an object lying within the focal 
length of a convex lens. 

Draw a figure after 95, Glagehrook, Light, page 124 
taking AFs=2 in. and AQ=i in. 

The image is virtual, erect and is formed 0:1 the s ime 
side of the object. ( t. e., v is positive, ) 

Show by actual measurement, from the diagram you have 
drawn, that the image distance =2 in. from the lens. 

(6) This is the case of an object lying beyond twice the 
focal length of the lens. Draw a figure, aftei^ fig 94, Glase^ 
hrook,-Ltght, page jgj. 

The image is real, inverted and smaller than the object. 
Show from your diagram that the image is formed at a dis- 
tance - 3 in. from the lens. 

5. For Ohm’s law, see Poyser. Page 204. Note that the law 
of Ohm is not only true for the whole circuit but also for a part 
of the circuit. Thus, if e represents the difference of potential 
between the two ends of a conductor of resistance r, we have 
C=ae/r. 

For the answer to the second part of the question see De^ 
Practical Physics Page 268, Method I or II, A diagram of ihe 
arrangement should be given. 

/ 6. Suppose A has a chargeyf^. Bring B near to A and touch 
the former for a momem • of the charges induced in B, the 
part -1-9 passes to the earih and — q remains on it. Now bring B in- 
side C and let B and C touch each other • then B is discharged 
while the charge— 9 resides on C. By repeating the above process 
.my multiple of the charge on A may be given to C. 

V' 7. It can be proved theoretically that when a small magnetic 
needle, suspended horizontally, is made to swing under a magnetic 
force, 

the force oc 

where T is the period of oscillation of the needle. 

First, let the needle oscillate under the earth's horizontal 
field H, Observe with a stop-watch the time taken by the 
needle to complete some 50 oscillations ; hence find T, the time 

one oscillation. We have 

H ^ 

Now place the lon^, magnetised rod of :>teel to the north of 
the needle with its axis in Tine with that of the swinging needle 
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.and with its S-seeking pole pointing towards the needle and at 
a distance d from it, so that it helps the Earth’s field in bringing 
.the needle back to the magnetic meridian, when it is displaced 
irom that position. Determine tlie new period of oscillation 
as before. We have 

H+F^ oe jn 

* 1 

Increase the disiance (i, to and find again the new period 
.)f oscillation 7 '^. We hnve 

H F ^ Gc 2 

From the above, eliminating we get 



Again, on substituting the numerical values of iT, 7'^ and 
dt IS found that the right-hand expression is equal to 

*• d,^ • 

In other words, the law of Inverse Squares is true. , 

8. Supoort by clamps the platinum foil on one side and a thin 
copper sheet on the other within the beaker. Pour a quantity of 
dilute sulphuric acid in it. Connect the sheet by insulated copper 
wires to the two poles of the battery formed of two or three Dfiniell 
cells in senes, the phtinum being the anode. Draw a diagram 
(See fig. 232. Poyser, Page 263). 

When a current decomposes an electrolyte, it performs a 
certain quantity of work ; this work is expended in decom- 
posing the electrolyte and in opposing the tendency of the liberated 
ions to recombine. 

The liberated ions set up a current within the electrolytic 
cell in a direction opposite to th^t of the current from the cell. 
It has been calculated that the electro-motive force of this oppos- 
ing current is 1*49 volts in the case of electrolysis of water, 
which is really the case here. '* 

The E. M. F, of a Daniell cell is also calculated from the 
consideration of the energy due to the chemical action going cn 
in the cell ; this has been calculated to be 1.129 volts. 

From the above result we learn that the E, M. F. of a single 
.Daniell cell is insufficient to decompose water. 
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In practice, the cell would first send a current through the 
electrolyte but the current soon drops down and electrolytic 
action ceases. 

With two or three cells the electrolytic action would con- 
tinue to go on, for the E, M, F, of the electrolysing current is- 
2x1*129 or 3x1*129 which is higher than i*x|9 volts. (See 
Poyser, page 226.) 

N- This is not ^ a fair question for an Intermediate Paper 
Further the question is ambiguous. ^ 

9. When an electric machine is worked, small, straight sparks 
are seen to pass in quick succession between the discharging balls 
when these are close to each other. As the distance between the balls 
is increased, the spaiks diminish in frequency, become elongated 
and zig-zag in appearance. When the distance is still further 
increased, the sparks cease to occur altogether. 

By placing a capacity in parallel with the spark-gap a 
bigger charge will be necessary for the potential to be raised suffi- 
ciently high for the discharge. Hence the charge accumulates 
before the discharge takes place, the discharge spark being 
much more poweiful than in an ordinary case. 

The mechanical process involved in the passage of the spark 
may be stated thus : the tendency to recombine of the two 
opposite charges increases with their potential difference and 
when it becomes so great th-tt the air, which is an insulator, can> 
no longer resist their combination, the insulation is broken 
through and a spark passes which tends to equalise the potential. 

10. This question is similar to Q, 7, above, only the magne- 
tised rod of steel is here substituted for the straight wire, 4 metres 
long. 

The wire is placed vertically and, the magnetic needle is 
placed at var)ing distances etc. from it on its east side. 

Then as before we have. 

~\rx* r»/ 

The right hand side, however, is practicaUy shown to be equah 

tod,/d^. 

f^i d% * 

■rfi 

f. 9. the strength of the magnetic field due to the current falla. 
off as the distance from the wire increases. 
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FIRST PAPER. 


! Dr. D. N. Mullick. 
Mr. C. W. Peake. 

Mr. R. S. Trivedi. 

Only SEVEN questions are to he attempted. 

Group A. 


1 . State the principle of conservation of energy 
and give an illustration. 

A railway train is moving with uniform speed (a) 
on a level countrjj, up-hill. Explain how the energy 
supplied by burning coal in the engine is being expen- 
ded* in the two cases. 

2. Describe experiments to show that water exerts 
pressure in all directions. 

A plate lo metres square is placed horizontally 
I metre below the surface of water, when the height 
of the mercury in barometer is 760 millimetres. What 
^will be the total pressure on the plate ? ( The density 

•of mercury = 1 3*6. ) 

3. If you were given a piece of wood cut in the form 
of a cube, how would you very roughly determine its 
specific gravity without using a balance 7 

A Nicholson s hydrometer weighs 200 grammes 
and requires .so grammes in the upper pan to sink it 
to the fixed mark ; what weight must be added to or 
subtracted from the weights in the upper pan to bring 
it to the fixed mark, when it is placed in a liquid of 
specific gravity 1*2? 

4. State B >yle's law and describe experiments 
made to verify it. 

A faulty barometer contains some air which occu- 
pies 10 c.c. If it stands at 740 m.m., when a true 


ConMrvatloit 
of Energy. 

12- 1*4 

13- 1.1. 


Preesur# In 
a liquid. 

14-1-2. 


8p. Or. 
without f 
halonce. 


Boyle's Law 

13-1.4. 

15-1-4. 
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Graph 


Pitch by 
PMonance 
eoftimn 
' 09 - 1-6 
* 12 - 1.8 
* 14 . 1.1 


barometer indicates a pressure of 750 mm.» find the* 
volume, the air will occupy at the standard pressure 
760 mm. ^ 

5. The mean coefficient of expansion of mercury 

between and is a and the following table- 

gives corresponding values of a and t, 

i a 

o 0*00018179. 

100 0*00018216. 

150 0*00018261, 

200 0*00018323. 

250 0*00018403. 

300 0*0001 8500. 

Plot a curve to illustrate the relation between a 
and / and find from your curve the value of a at 22o^C. 

6. Indicate what goes on in the body emitting a 
musical note and the medium which transmits it. 

You are given a tall jar, the requisite quantity of 
water, and a tuning-fork. Describe how you will (iind 
the vibration frequency of the tuning fork. 


Gkoup B. 


8p, ht. of a 
Substance 
16 - 1 . 6 . 


Vapour 

Tension. 


7. What do you mean by the specific heat of a 
substance 7 

A lump of platinum weighing one hundred gram- 
mes is heated in a flame until its temperature 
has reached that of the flame. It is then removed and 
dropoed quickly into a calorimeter which has a water- 
equivnlent of 5 grammes and contains 495 grammes 
of water. If the temperature of the water rises from 
22®C., to 30°C., find the temperature of the flame. (The 
specific heat of platinum is *0365.} 

8. What do you mean by the expression vapour 
tension 7 

Three barometer tubes are filled with mercury and 
their open ends plunged into a vessel of mercury in 
the usual way. Into the vacum of one a little air is 
introduced, and into that of the other a few drops of 
water. What will be the effect in each case on the 
height of the mercury of plunging the three tubes fur- 
ther into the cistern 7 Give reasons for your answer. 

9. What is the cause of the cooling effect produced' 
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in a room. wKen a grass ( khus khus ) screen mois- 
tened with water i< placed in front of the door. 

Steam at kxjPC. is allowed to pass into a vessel Lt heat of 
containing 10 grammes of ice and loo grammes of Steam, 
wator at uX. until all V^e ice js melted and j^he temp, 
is raised to 5^C.. Neiileciing the water equivalent of 
the vessel and the loss due to radiation, etc., calculate 
how much steam is condensed, ('fhe latent heat of 
steam =536. and the latent heat of water =80.) 


SECOND PAPER. 


Only SEVEN questions art to hr answei ed which must 
include either question 1 or question 2 of Group A 
and question 1 of Groui) B, 

Group A. 

1. Describe with full experimental details a 
method of determining the focal length of a convex 
lens. 

Solve the following problem by drawing a diagram 
to scale, with the help of the squared papei provided. 
An object, 6 centimetres high, is placed at a distance 
of 40 centimetres from a thin convex lens and an 
image is formed on the other side of the lens, the 
height of the image being 4 centimetres. Find the 
focu length of the lens approximately. 

2 Explain the formation of images by a concave 
mirror 

An object, height 5 centimetres, is placed at a dis- 
tance of 40 centimetres fr'*m the surface of a concave 
mirror ( measured along the axis of the mirror ) whose 
radius of curvature is 20 centimetres. Find the posi- 
tion and the m/e of the image, without calculation^ as 
in the preceding problem. 

3. Why do opaque objects appear coloured? 
Whv does a mixture 01 ordinary blue and yellow pig. 
ments aope.ir green ^ How would you make a stick df 
red seating wax appear black ? 

^ Wou are given a slit, a convex lens, a screen, 
and a prism * show how you would arrange these to 
obtain a pure spectrum. Explain how it is that the 
spectrum is not pure when the lens is no^ used. 


Focal lengti* 
of a convex 
Iona 


Imaaoo by 

Concave mir- 


ror . 


13 . 11 . 3 . 


Colour 
*09. II. 2 . 


Pure tpoc- 
trum. 


*10 II. 3. 
'18. II. 2 
'14. 11. 4 
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Group B, 

1. A metal globe (insulated) is charged with jK)8ip> 
tive electricty. (a) Another lusulated metal globe 
without any charge is placed near it. (^) The latter 

Electro- globe is moinentarily connected with the earth, (c) 

tfon * *"**“®’ both are then enclo sed i n an ins ulated c^c;. {d) The 

ease ls connectecTTo earth.” Exp^in'what will liappen 
in each case and how you will proceed to test your 
conclusions. 

2. Describe any iwo arrangements for maintain- 
ing a steady current of electricity in a given wire. 
Explain the mode of supply of energy for maintaining 
it in the two cases. What becomes of the energy as 
it continues to flow f 

3. State Ohm’s Law. 

A battery of ten cells, joined in series, yields a 
current of 1 ampere when the external resistance is 10 
ohms, and a current oF '6 ampere when the external 
resistance is 20 ohms. Find the E.M.F. and the in- 
ternal resistance of one of the cells (these being the 
same for all.) 

4. You are provided with a suitable voltaic cell • a 

Electro- suitable galvanometer • a soft iron rod ; and two 

tllon!* *"**“®’ pieces of wire one of considerable length and the 

jJ other short. Explain, with the help of a diagram, how 

n*. 10 7^^ would arrange to demonstrate the production of 

M* 11. 9. induced currents. 

5. A small magnet movable about a vertical 
axis, is placed at the centre of a circular coil lying in 
the plane of the magnetic meridian, la) At nrst, no 

Action of current pcisses. ib) A current is passed, (c) The 

^r ront on^ number of turns in the coil is increased, the current 

V. no o. being unchanged in strength, (rf) The coil is slowly 

rotated about the vertical diameter. Explain what 
happens in all these caseso 

Howto mag- / 6. Describe the various ways of mapetizing a 
’ piece of soft iron. How would you trace the lines of 

[fines of force force in the neighbourhood of a bar-magnet t Indicate 

of • magnet, how the shape of the lines you get depends on the 

14- 11. 8. earth's magnetism. 
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I. When* energy is lost or expended in doing work, an equal 
.amount of energy IS gained or produced as the equivalent of the 
work done. Thus a body, or system of bodies, may lose enerc^ 
in one form, and gain an equal amount of energy in some otl^r 
iorm ; or a body, or system of bodies, may lose energy by doing 
work on some other body or system of bodies, which thus gains 
an equal amount of energy as the equivalent of the work done 
on it. 

When a quantity of energy is lost or expended in this 
way in one form, and is gained or produced in some other 
form, it is said to be transformed^ or to undergo transforma^ 
tion^ but whatever the nature of the transformation may be, 
the quantity of energy produced is always equal to the quantity 
expended or lost. 

Thus, when a body falls freely through any distance it 
loses an amount of gravitational potential enei gy equal to the 
wark done by the weight of the body during the fall, and 
gains an amount of kinetic energy also equal to the work done 
by the weight ; that is, the body loses a quantity of gravita- 
tional potential energy, and gains an exactly equal quantity 
of kinetic energy. 

Similarly, in the case of the bob of a simple pendulum in 
vibration the bob loses gravitational potential energy, and 
gains kinetic energy in falling, and it loses, kinetic energy 
and gains gravitational potential energy in rising. In moving 
over any portion of its path, however, the energy lost in one 
form is exactly equal to the energy gained in the other form, 
«ach being equal to the work done by or against the weight 
of the bob. The vibration energy of the bob thus remains 
constant, but is subject to periodic transformation from poten- 
tial energy to kinetic energy, and from kinetic energy to 
potential energy. 

In the same way when a body in falling raises another 
body, Jhe potential energy lost by the falling body is equal 
to the' potential energy gained by the body raised, together 
with the kinetic energy gained by the two bodies. The total 
^energy of the two bodies considered as one system thus 
remains constant* 
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This is the principle known as the principle of Conservation 
of Energy, Maxwell states this principle in the following 
form 

The total energy of any material system can neither he' 
increased nor diminished by any action between the farts of the 
system, though it may be transformed into any of the forms of 
which energy is susceptible, 

(a) When the train is moving on a h vel country with uniform 
speed the energy derived from the burning of the coal in the 
engine is spent up in overcoming the forces of friction which opposes 
the motion of the train. This energy is equal to the work done 
by the engine. 

(ft) In this case over and above that mentioned in case fa) a 
portion of the energy supplied by the l>urning coril is expended in 
taking the train up hill against the attraction due to gravity. 


2. See Text hook. 

Pressure per unit area on the plate 

=atmos. press. + press, due to loo cms. height of water. 

= press. due to 76x13*6 cins. ht. of water+lhat due to 100 
erns. ht. of water. 


= press. due to (76xi3’6+ioo) or 1133*6 cms. ht. of water, 
=weight of 1 133*6 c.c. of w'ater= 1 133*6 gms. 

And, area of the pIate=iox loox m x 100 sq. cms.= lo* sq cms. 
.*. the total pressure on the plate = lo* X 1 133*6 gms. 

= 1133*6 X 981x10* dynes. 

' 3. To determine the density of the body very roughly and 

without using a balance, we may just float the cube of wood in 
water and measure the part of it that floats out of water. 


Let / = length of the cube 

and /^= length of the side of the cube out-side water. 

The vol, of displaced water==/*(/— c.c. 

wt. ,, „ „ =/•(/ — /*) gms., which must be- 

the weight of the cube 


density of cubes 


its mass _ /*(/— 
its volume"" i* I 
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In the example given, — 

wt. of water displaceds=2O0+5o=25o gms. 

„ „ liquid „ =200+ W gms , say 

But sp.gr. of liquid ^ ^ 

’ Wt of equal vol. of water 

^ 200 4 * W 

Or 1*2 

250 


Whence W =100 gms. 

'Therefore, further wt. to be added on the pan 3=50 gms. 


4 For the statement and verification of Boyle’s Law see G/a^ 
hrooik^Heat, Art, 75 or De,-Prac, Physics, pp, 

The example given may be taken in two senses. The first 
one is that the volume of air in the faulty b.'irometer is wanted 
when the true barometer reads 760 mm. In the second one the 
vol. of the air at a press, of 760 mm. simply is wanted. 

In the first case, 

Vol. of air enclosed in the faulty barometer=io c. c. 

Its pressure=(75— 74) or i cm, height of mercury. 

• When the true barometer reads 76 qms. the mercury level in 
the faulty one will rise, say, through x cms. L«t i be the 
cross-section of the faulty barometer tube. 

Then altered vol. of air=(io— c. c. 

And the new pressure =<76— (74+flf)|=(2 — a) ctii. height 

of mercury. 

Applying Boyles’ Law, we get. 

PV=P’V' 

or 10 X I ==(2—2:) (10— E<). 

In this case, no definite solution can be arrived at without 
the value of 

In the second case, 

P =pri^ss. due to i cm. height of mercury 
F = 10 C.C. 

Pj >■ 76 cms. of mercur3». 

PV TO X I 

K, == —^5— = *132 c.c. approx. 

5. In the Graph drawn on the other page, ^ 
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X axis represents temperature in C» 

I small div. alonj itslo^C 

and Y-axis represents co-efft. of expansion of mercury 
I small div. along it =0*00000020. 



The value of < at 200X from’ the graph is ‘0018355. 

6. A b6dy emitting a musical note is in a state of regular 
vibration, the vibrations being rapidly executed. For a note %© 
be audible its no. of vibrations per sec. must be between the limits 
of audibility. For the nature of vibration of sonorous bodies, see 
De* SounJf Art 5, Pagts 7. 

In the mt^dium round the vibrating source of sound the 
vibrations of the body give rise to longitudinal waves consisting 
of alternate layers of condensations and rarefactions which travd 
out in all directions Sec De Sounds Pdg^ 12 Art 7. 

To find the frequency of the given fork proceed as in art, jg 
De, Sound and then see art 75, 

7. For specific heat see Glazebrook^ Heai^ Art 34, 

Heat lost by Platinum =massx sp. ht. X fall of temp. 

= 100 X 00365 X (^—30'^) 

t being the temp of the flame. 
" =3*65 X (/— 30) calories. 

Heat gained by cal. etc •(495 +5) (30^—22®) 

* =4000 calories 

And Heat lost by Platinum=Heat gained by calortmer 

i.e. 3*65 U— 30®) —4000 

Whence t^ 1 126®C app. 
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S. Vapours like gases, exert pressure on all sides of the 
vessels in which they are contained. This pressure is called the 
vapour tension. This is different for different vapours. For 
the same vapour the tension varies with temperature in general. 
For the same temperature the tension of a vapour increases with 
the ourintity of vapour formed but can not be greater than a value 
which is constant for the temperature. This is then known as the 
saturation pressure of the vapour for that temperature. 

p 

The behaviour of the three tubes will be as follows , 

In the beginning, the height of mercury column in each tube is. 
of course, such as to indicate the atmospheric pressure. Say, it is - 
76 cm., the space above it being a vacuum. 

When the first tube which is allowed to remain a true baro- 
meter. is pushed down into the cistern, mercury column would be 
unaffected until the top of the tube comes to touch it. Then as 
the tube is further lowered, the mercury cblumn would be obliged 
to come down, exerting all along an upward pressure against 
the closed top of the tut^, which gradually increases and is ^ways 
equal 10 the height of the column in a true barometer minus the 
reduced height of the mercury column in the tube. 

In the second tube which contains air above the mercury level, 

I he height to begin with is less than that in a true barpmeter. As 
the tube is lowered the volume of the air diminishes accordnig to 
tfo\le's Law ( f. e, PVseonstant, temperature remaining the 
same ), the pressure exened on the air being always equal to the 
atmos. pressure minus the pressure of the reduced mercury column. 

As the third tube, in which a few drops of water have been in^ 
troduced and immediately" converted into vapour, is lowered 
the vapour will behave like the air in the second case so long as. 
itis unsaturated. When with the gradual diminution of volume 
the space containing the vapour btrcomes saturated, the vapour 
tension will attain its maximum value at the temperature at the 
time of the experiment which is constant and may be obtained 
from the difference of atmospheric pressure and the press, of the 
reduced mercury column in tne tube. As the tube is still further 
lowered, water-vapour is condensed, the mercury column remain- 
ing at the same height until all the vapour is converted into 
water. After this stage the mercury and water will descend 
together with the tut^, the pressure ««gainst the top of the tube 
increasYng as in the first case. 

9. In evaporation unit mass of water absorbs a quantity of 
heat f which is called the latent heat of vaporisation ) from the 
surrounding air which thus becomes cooled. So to keep a room* 
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cool a khus khus screen moi-^tcned with water is hunjj up in front 
of the door or window. 

In the example given, — » 

Heat given out by 

i) m «ms. of .s*eam at lOo'^C in c<mdensini: to water 
at looX = WXS36. 

(2) m yms of wafer at lOo'^C in cooling to ♦ 

5^ « w. (100-5 = f/f,X95, 

Heat gained b\ 

(1) 10 gms. of If e at o"' to melt inib lo gins, of water 

-itoX = lOXSo-i unit- 

(2) no gms. of water at o'^ to be raised to 

5X = 110x5. 

Nf'iw heat given out = heat absorbed 

(536+95) = 801 + 550. 

or 631 m - 1351 

whence tn = 2*14 gms. 


SECOND PAPER.-1911. 

1. For tbe experimental determination of the focal length of 
a convex lens see Dt'^Prac. Physics p. 185 ( Explain the UV 
method. ) 

Draw a figure after fig. 94 GiaBebrook. --Light, wh^rp let AQ 
reprtsent 40 cm. Draw PQ =6 cm. Cut off AM from AC such 
that AM -4 cm. Thnm^lT M dr£.w MP, a line parallel to the 
principal axis of the lens. 

Now draw the central ray PA which we know would pass 
through the thin lens without being deviated in its course, Lrt 
this ray meet MP at />. Draw^y perp. to the axis. Evidently pq is 
the image under the given conditions. 

Next take a ray from P parallel to the principal axis. It meets 
the lens at R. On passing through the lens the ray is deviated to 
the principal focus F, of the lens and will then meet the central 
ray at p which is the image of the point P, So join RP, 

•Then the intersection of R)> and A9 is F. 

Measure AF on the same scale on which AQ » 40 cms. 

and show that Ar *= 16 cms. 

2. For the formation of images by a concave mirror see Tgxi 

booh, " ^ 
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Tabulate your results thus : 


Position 

^ Imsge. 


of 

object. 

Position, 

Nature. 

Size. 

Figure. 

At 00 , 

1 

At F 

1 

1 

Real, inverted 1 

^ Point 

1 

Glatebrookt 

.Bet 00 and C 

Bet. F and C 

^ »• 

Smaller 

M 

AtC j 

Ate ' 

1 

u 

Equal 

» ^ 07 

Bet. Cand F 

Bet. C and 00 


Larger 

• 

At F 

At 00 

>• 

Very Large , 

1 


Bet. F and 

On the nega- 

virtual, erect 

Larger 1 

68 , 

mirror 

tive side of 




mirror 





For the solution in the example given, draw a fig. after that 
given in GfaBehrook, fig, 60, page gi. Let AQ represent 40 cms. 
and AO 20 cms. on the same scale • also let PQ represent 5 cms. 
not necessarily on tiie same scale. Complete the cunsfruction for 
the image in the usual way, then measure A^ on the scale along 
the principal axis. This gives the position of the image. Measure 
fi g on the same scale as mong PQ • this gives the size. 

3. See the answer to Q 2 -I-igog^ 

To make the stick of red sealing-wax appear black, it is to be 
placed under any colour of the spectrum except the red ; for, all 
but the red colour will be absorbed by the sealing-wax. 

4. For the arrangement to get a pure spectrum see De, J*rac. 
Physics, p. jg 2 . For the discussion on the purity of spectrum see 

GlaMcbrook^ Light. Art. iii. 

Group B. 

I. (a) Electrostatic induction takes place. 'S'he positive charge 
4>«i the first globe will induce and attract negative charge to the 
side of the second globe nearest to it, and ind^pe and repel an 
«qual quantity of positive to the side furthest away from it. 

In order to test the above, let a pro.»f plane touch the charged 
^lobe and be then separated ; let a pith ball, suspended by silk 
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thread, share the chargee of the proof plane, the pith ball will be- 
repelled when taken near the furthest end of the second globe, 

« thus proving that the charge on this is positive. On the other 
hand it will be attracted by the other end of the second glc^, 
where the induced charge is a negative one. 

. On the second globe being momentarily connected with- 

the earth, the induced positive charge escapes to the earth. 

^ (c) According to the principle of induction, each of the induced . 
^charges is equal to the inducing charge, povided the charged body 
is wfll within the others so that all the lines of force starting from> 
the former end at the latter. In this case, the induced negative 
charge remaining on the second globe is slightly smaller than the- 
inducing positive charge. Thus a f^w lines of force, may end at 
the insulated metal case, thus making it slightly negatively charged,, 
if at all, to be tested by putting it in connection with a galvanos- 
cope. 

{ii) On the case being connected to the earth the leaves of the 
gold-leaf electroscope will collapse if they had diverged at all in (c).. 

2. Fully describe a Daniell and a Bunsen cell giving the-** 

‘ description of parts and chemical action going on in each cell. 

The energy is dissipated by the heating of the wire. 

3. For Ohm's Law. See page 75 of this book. 

In the example given— 

If E. be the E, M. F. of each cell and r its internal resistance.. 


fji 


We have C 
also 0*6 


10 E 
lor-fio 

IQ E 
ior+ 20 


Whence r=o’5 and E— 1*5 volts. 

4. It is to be assumed that the two pieces of wire given are- 
insulated. Wind the shorter piece of wire, round the soft iron rod 
and connect its ends to the terminals of the cell. Convert the 
longer wire into a coil such that the ^ft iron rod with the coil 
round may go inside, and connect its terminals to the galvano* 
4neter* Now proccfed as in Poyser, page 28$, Sum up your answer 
by giving the table in Page 286, 

5. ^e) The magnet will point north and south, lying in 
magnetic meridian. 
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(^) When a current is passed through the coil, a magnetic field 
«will be created due to which the end<» ui the needle will be urged 
at right angles to the magnetic mertdt.in. 'L'he needle, will come 
to rest making a deflection t) with its iormer direction, when the 
moment of the couple due to earth's force on it is equal and 
ibalanced by the mom mt ot the couple due tu the current. Here 
we have the case of a Tangent galvanometer, such that C=^ tan 0 - 

(cj When the number ot turns is increased,, the current 
remaining the same, the force due to the current increases and 
hence the deflecion too. 

id) As the coil is turned towards the needle, the latter is further 
deflected until it is overtaken by tlie c >il ; in the latter case, it is 
called a sine galvanometer and Sin 0,. 

6. For the methods of magnetisation which are 

(1) Single Touch 

(2) Separate Touch 

(3) Double Touch 

\4) Electric method 

See teit*book. 

For the method of tracing lines of force, see De* Prac Pkystes 
pp. 208-11, 

The existence of regions, called the neutial regions (see fig. 
toOt ibid. > c^n be ascribed to the influence of the earth’s magne* 
aism on the field due to the magnet. 
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FIRST PAPER 


f Dr. D. N. Mullick, 
Paper-Setters, ^ Mr. C. W. Peake. 

LMr. R. S. Trivbdi. 

Only tBVen questions are to he attempted. All questions are 
of equal value, ‘ 


Qraph. 


Laws of 
Pandulum 

13-1*2 

15-I-2 


1. Draw a curve, on the squared paper supplied, 
to indicate the height above ground, ai intervals of 
h^lf a second, of a body falling f'^eely from rest at a 
height of 150 ft. Find from your graph the position, 
of the particle after 1*67 secon Is. 

2. State the laws of oscillation of a simple pendu- 
lum. Find the length of a simple seconds pendulum* 
at a place where ^ is 981. 

' When a ball suspended by a string is made into a. 
*secondA pendulum.’ does the actual leneth of its string 
equal the length of the equivalent simple pendidum 7 
If not, why T 


Archimedes 

Principle 

’* 4 - 1-3 


3. State Archimedes' Principle, and explain how^ 
it m ly be used to di^inguish a metal from its alloy. 

I litre of h^dro^en and a litre of air weigh about 
gramme and 1*3 grammes respectively at a certain 
temperature (#) and pressure (^). What will be the* 
capacity of a balloon weighing 10 kilogrammes, wbtchi 
just floats when filled with hydrogen having the same^ 
pressure {p) and the same temperature (^) as the air f 


4. It is said that most forms of terrestrial energy 

2 ^'ofenew ultimately from the sun. ^ Explain the 

, y meaning of the statement, and discuss its truth with 

j ‘ special reference to the energy of combustion of 

' cnarcoal and of coal gas, and the kinetic en^y of a. 

running streant, 

5. State concisely the relations between the 

Oat taws. volume, pressure and temperature of a gas. Describe* 

Gon«. expenment to prove the relation between inressure* 
. ^^ant tfoluma.* and temperature when the volume is constant. 
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What volume does a gramme of carbonic acid gas 
occupy at a temperature 77'^C and half the standard 
pressure ? (1, c.c. of C'^rbonic acid g^s weighs '0019 
gramme at o^C and standard pressure.) 

6. ^ What is meant by the statement that the latent 
heat of fusion of ice is 80 ? 

A litre of hot water is poured into a hole in a block 
of ice at oX., which is immediately closed by a lid of 
ice. After a time the imle is found to contain a litre 
and a half of ice cold water. What .was the original 
temperature of the water ? 

7. Discuss as fully as you can the grounds on 
which we conclude that ^radiant heat' is but 'invisible 
light.* 

8. State the law connecting the velocity of sound 
through a gas wiift its density. Compare the velo- 
cities of sound in hydrogen and oxygen under similar 
conditions* Compare further the lengths of two organ 
pipes filled with the se two gases when they give the 
same musical note. ( Density of oxygen is sixteen 
times that of hydrogen.) 

9. Distinguish clearly between the loudness and 
the pitch of a musical note. On what physical con- 
ditions^ of the sounding body do they respectively 
depend ? 

A vibrating tuning fork is held near the mouth 
of a tube closed at one end. The tube is found 10 
^peak.’ Explain why this happens. Assuming the 
indocity of sound in air to be 320 metres per second 
jmd the length of the tube fo be 32 cm., what will be 
the time of oscillation of the fork ? 


Lt. Ht. 0 
fusion 

* 12 - 1-5 

^1315 


Radiant haat* 


VeL^f Sound 

in a gas 1 


Loudness 

’0-917 

PHoh 

•14-J-8 

Pitch by 
Resonanco 

09-1-6 
*11-1-6 
'14- 1-9 


SECOND PAPER. 

Only SEVEN ques^km are to he attempted. All questions aret^ 
of eqml value* 

I. State the laws of refraction of light. Explain Laws of 
liowthey are ex(>ertmentatty verified. Deduce from 
these laws the condition of total internal refl<ction 
dt light Describe dume phenomena depending on total Total inti 
rtfleetion* r*flectlon.J 
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Bpcctrum of 
SunMsht. 

’15-11-13 

Min dlv. of 
a prisnv. 


Images by 
xonvex lent. 


Teleteope 
14 II 3 
Microscope 
’I 5 -II -4 


On 

Electrostst^ 

Induction. 


On C- E'R. 
Effect or a 
Current. 

’13-11-7 
’14 11-9 

’15-11-7 


Magnetic 
ana Electro 
static induc- 
tion. 


2. A broad beam of sunlight passes through one 
face of a glass prism, the prism being held perpendi- 
cularly (o the beam^ and is thrown on a white screen. 
Desci ibe, as accurately as you can, the appearance of 
the patch of light on the screen and also its move- 
ments as the prism is rotated round its axis. 1 race 
the path of any one of the rays incident on the prism* 

3. A convex lens of focal length 10 cm* is made to 
approach a rod of length 5 cm. placed perpendiculariy 
to the axis of the lens. Show by means of typical 
diagrams, drawn to scale ( on the squared paper pro- 
vided ), the changes in the nature and the size of the 
image. 

4. Give a brief description of (a) the astronomical 
telescope, and a compound microscope, showing 
by a sketch how the image is formed in each case. 

5. 'i'wo plates {A, B) of brass are supported on 

glass handles and placed facing each other : (a) one 
of the plates ( ) being connected to a frictional 

machine and the other (BJ to a gold-leaf electroscope, 
the machine is worked for some time. 0 ) The plate 
A is disconnected from the machine and (i) it is 
moved nearer the other, (ii) a plate of glass is inter- 
posed between them, (c) I'he plate A being dis- 
connected from the machine, the plate B is momen- 
tarily connected to the earth and then (i) the plate 
A is moved nearer to (ii) a plate of glass is inter- 
posed between them. Explain what happens in each 
case. 

6. Find the electromotive force which vdll main- 
tain a current of 1*5 amperes through a resistance of 
10 ohms. 

Mention any three phenomena which are associa- 
ted with the passage ot an electric current, and des- 
cribe suitable experiments by which they can be 
shown. ' 

7. A bar magnet is divided in the middle and 
the parts are separated. An insulated conductor 
(cylindrical, with the ends rounded off) is fdadsd in 
front of an electrified ball, with its axis passing 
through the centre of the ball ; and^ while ity presence 
of the ball the cylinder is divided in the mtddie and 
the further half is removed to a great distance^ Con* 
trast and explain the state of affairs in the ta^cases^ 
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8. Describe a simple method of comparing resis* 
tances. 

An electric current of 5 amperes is divided into 
three branches, the lengths of the wires in the three 
branches being proportional to i« 2, 3 • find the 
current^in each. [The wires are of the same material 
and cross section.) 

9. How would you make an electro- magnet t 
What kind of material is most suitable for its core t 
Why? 

An electro- magnet of cylindrical form is placed 
with its axis {AS) horizontal and perpendicular to 
the magnetic meridian. C is the centre of a small 
magnet, so that 0 is in A B produced. State what 
should be the direction of the current in order that 
the north pole of the needle should be deflected 
towards the electro-magnet. 

10. A toothed wheel is capable of rotation about 
a horizontal axis perpendicular to ith plane. Describe 
in detail an electro-mag etic arrangement for produc- 
ing continuous rotation of the wheel. Speciiy the 
direction of rotation corresponding to the particular 
arrangement you propose. 


Compariton 
of rMltUnees 


Eloctro 

magnot. 

•iS-IM 


Barlow's 

wheal. 




ANSWERS. 

FIRST PAPER,— 1912. 


I. The space traversed by a body in time t falling from 
rest can be obtained from the formula : — 


Taking pW sec. per sec., and calculating the distances 

fallen through at the end of every half second, the following table 
lhas been prepared. 


Time in 
SECONDS. 


!■ 

I V* 

2 


HslaHT 

FALLEN 

THROUGH. 

n 

16 

36 

64 

100 


3 

144 
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In the graph 

f small div. along X axis ss 


o'l sec. 
5 ft. 



In 1*67 seconds, the requited hciglit above the ground, from 
the graph, is 105 ft. 

2. For the four laws of oscillation, see Text books. For the 
example see Ex, /. page / of this book. The ideal simple pendulum 
is one in which a mass concentrated at one point is suspended 
by a weightless string, the Icneth of the pc-nduliim being measured 
from the point of suspension down to this point. In a practical^ 
case, as the bob has a certain size, the length of the equivalent 
simple pendulum is obtained not from the actual length of the 
string but by measuring the length horn the point of suspension 
to the centre of gravity of the ball, where the whole mass of the 
ball, may with sufficient accuracy, be supposed to be concentrated. 

« 3. For the statement of Archimedes* principle see 

A metal can be distinguished from its alloy by applying 
Archimedes' principle in the following way 

Let the wt. of the substance gms. 

Immerse the body in water. Let its wt. in water.;srw^ gms^ . .. 
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Loss of wt. of the body in water ss(w— W|) gms. 

Vol. of displaced water ee<w - Wi) c.a 

and this must also be the voL of the body. 

^ xiensity of the body= 

^ If the density thus found does not happen to be the the same 
as in the case of a pure metal, it is then an alloy. 

r In the example, the balloon of 10 kg. wt. is supported by 
the buoyancy of the hydrogen which is — 1*3— 0,09= r2i gms* 
per litre."' 

1*21 xcapacity per litres 10 kg. = lox 1000 gms. 

Capacity in litres =58264*46. 

. . 

4. Directly or indirectly the sun is the source of nearly all 
the available energy we possess. For our food we are indebted 
to the sun. Vegetable life depends on sunshine. Our fuel — coal 
IS due to the sun’s action which in past time enabled plants to 
decompose the carbonic acid of the air and store up the carbon 
which we use. The winds and tides, the rainfall which feeds our 
rivers and is the source of our water power, all depend on solar 
action. Life, as we know it, would be impossible without the sun. 

The energy of charcoal which becomes potent on combus- 
tion, is again attributed tojhe sun. Charcoal is, as we see, 
derived by the incomplete combustion of wood, the water 
from the latter being driven out. Vegetables, again live and 
grow under the sun ; they absorb juices or watery food from 
the earth and get nourishment from the atmosphere helped 
by s*:n's radiation. It is in the presence of the sun's rays 
that chlorophylL or the green colouring matter in the leaves of 
plants can decompose carboii*dioxide present in the air and 
absorb carbon. Thus solar energy coming from different sources 
IS stored up as potential energy in a piece of wood which, when 
burnt, liberates this energy in the form of energy of heat accom- 
panied by light energy. 

Agatn^ the coal gas is a product of incomplete combustion of 
<oal which is raised from mines where wood was converted into 
-coal being subjected to great pressure for thousands of years. 
So the energy of the gas. which can be utilised by burning it, is 
•derived from the ‘stored-up energy of the coat^ Which, as we havs 
.already seen, is derived from the sun. 
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Va$t quantities of sea-water are being daily evaporated under 
the action of the sun’s rays : the vapours so formed, condensing 
into clouds in the higher regions of atmosphere. This water 
comes down to the earth in the form of rain, which feeds the- 
ritnning streams, to flow down to the sea, its place of birth. 
The energy of the running stream is thus derived from the poten- 
tial energy of the clouds, of which again the source is the 
solar energy. 

5. The relation between P and V when T is constant is given 
by Boyle’s Law (See Text*hook,j 

The relation between V, and T, when P is constant, is given by 
Charles* Law^ (see Text book), The two laws are coml^jned in the 
formula. 

PV P*V' ^ ^ o 

— = =a constant, say R. 

PV = RT [Sfe Glazehrook^ Heat, page /08. 

From the above formula the relation bettwen pressure and - 
temperature of a gas when volume remains unaltered, can be 
deduced ; we, have then 

Z.- fL 
T “ r 

i.e,, P varied directly as the absolute temperature. See Glasehrook. 
Heat, Page 104 for the experiment, to be performed with a 
Constant Volume Air Thermometer. 


In the example given. 

I C.C. of gas at oX and 760 mm. waighs 0.0019 grm. 

1 gm. of gas occupies c.c. or 526\3 c.c. at oX 

and 760 mm. 


Again we have 



ZYl 

T’ • 


Here P=76o mm. Ysa526’3 c.c. and T 5=273^ absolute* 
and P=s38o mm. T'= 273+ 77=350® absolute. 

Substituting. Z6£i<S«6:3=38o)sr 
® 273 350 

Whence V' =1349*5 c.c. 


6. The statement means that the quantity of heat required* 
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to melt. 1 gm of ice At to i gm of water at the same tempera- 
ture is So heat-units i.e, is such as can raise the temperature of i 
of water through 8oX or that of J8o gms. of water though o^C, 
This is called latent because its presence within the b >dy is not 
registered by the rise of mercury level in a thermometer, 

Iti the example given, 

Meat eiven out by i litre or looo^gms. of water at T^C in 
falling to o'^C. ^ 

= 1000 X |T -o) calories. 

This heat is utilised in converting a quantity of ice into half a 
litre or 500 gms. of water t.e. the mass of ice melted is 500 gms. 

/. Heat taken up by 500 gms. of ice in being converted to 
water at » 500 X 80 ■■40,000 calories. 

1000 X T=s40,ooo whence T= 4 oX 


7. Herschel found that as he moved a scnsitii'e thermometer 
through the solar spectrum from violet to led, it showed only a 
little rise of temperature In the blue end, a little more in the 
green, a large rise in the red end and even for some distance 
Mow the red end f>, even in the invisible part of the spectrum, the 
thermometer was sensibly heated. Since then, it has been known 
that as glass absorbs a greater part of the iieat rays^ a 
prism of rock-salt should be used instead, a ^d the thennometer 
replaced by a lampblacked thermopile. (After this see Glage^ 
brook, Art, 160, Experiment 50 {a) 

In fact, both heat and light waves are due to vibrations in the 
ether differing only in frequency or the number of vibrations per 
second. (See the excellent remark on this point in Glasebrook^ 
Light, Art, /J5, para third), 

8. For the first part of the question see Oe^Sound, Art, 18, P, 3/, 

For the latter part of the question suppose / and are the 
lengths of the two organ pipes (say closed) filled with hydrogen 
and oxygen respectively. Then from the formula in the case of 
such a pipe, we have when the pipes are in unison 

, X. XL 

where y ond F' are the velocities of sound in the two g/-ses res- 
pectively. 

F'Ti— 75 i 
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/. the hydrogeix pipe must be 4 times as Jong as the other pipe. 
For loudness and pitch of a note see De* Sound, Art, 47. 

The latter part of the question is an instance of Resonance. 

I For explanation see Art 74. De.^^Sound, 


In the example given, wie have 


V=s«X but /- V4 or X=4; 
V= 4»i/ 


n 


V 

= 4/ 

320 X TOO 

4x32 




= 250. 


Time for one complete oscillations:-^ sec, =0*004 sec. 

250 
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I. For th^ laws of refraction see Glasebrook--Light, Art jj. 

For experimental verification see Ganot, Art 531, 

Condiiion of total reflection If a ray of light passes from a 
denser medium into a rarer medum, it is bent away from the nor- 
mal, i,e, the angle of refraction 0' is greater than the angle of inci- 
dence 0, such that \he refractive index of the denser medium 
compared to the first is given by 

a. Sin 
Sin 0 


As 0 increases 0' also increases. Let 0 attain a value 6 when 
the coi responding value of 0' is 90'^ ue, when the refracted ray just 
grazes along the surface of separation of the two media. Then 


P'- 


Sin 90 _ t 

~5nr7“ss? 




Fbr any value of 0 greater than no refraction is posslUe. 
The ray suffers total internal reflection retaining the greater part 
of its intensityj This value of $ is called the critical angle lor the 
media concerned. 
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The mlracfe is a phenomenon due to total re6ectiofi from layers 
-of air. For figure and explanation see Art. J56. 

For other instances see Glatebrook Arts 3^ (c), ^0 (a) 
•end (ft). 

2.^ An impure s'pectriim is formed on the screen. For its descri|>> 
tion see Glasebrook, Light. Art toy. Expt. iq (a). 

As the prism is rotated, the spectrum shifts. There is a certain 
position of the prism when the deviation of the bright patch is the 
minimum. See Art joj. Expt. 2g (ft) tbid. 

'I'o trace the path of a nay see Jig. 122 ibid. 

3* Here /‘^locm. Put the object at varying distances from 
the lens. Draw a dia^rram in each case and tabulate your obsera- 
tions mentioning in each case the value of n taken by you and the 
corresponding value of and the size of the image you actuary 


Object Dis. 

Pos. of Image. 

'S . 

9 ) gL , 
u aO 

1 

1 

Size 1 

Figure. 

In words. 

In 

cms. 

In words. 1 

1 

' In 
cms. 1 

3 c 
2*^ 

of image* | 

1 •! 

Beyond 8/ and 
at a great dis. 


bet f and 


Rea] in 
-verted 

Diminished. 

1 seems. 1 

Se0 

Galztbrook 

„ but nearer 

... 


... 

1 ” 

! 

Increases in 

fig- 04 
»» 

At 2/ 


at -2/ 

... 

1 

1 

! ** 

size 
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^ For description of astronomical telescope— See Glez^rook 
tightyArt^ 

For that of compound microscope See Art. lot ibid. You 
to draw a diagram in each case. 
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5. First draw a diagram. 

(а) A becomes charged say^ with+ve elect. This will induce and^ 
attract ~ charge on the side of B nearest to it, while the in- 
duced free charge will be repelled on the fuithest end of B and 
will diverge the leaves of the electroscope. 

(б) (i) As A is made to approach B, there will be greater 
induction between A and as some more d the lines of force from 
A would now turn towards B ; and there will be greater divergence 
of the leaves connected with B. 

(ii) As glass is interposed between the two plates, the inten 
sity of the held decreases due to ^ less number of lines of force 
passing through from A to B and the divergence of the leaves 
diminishes. 

(c) The leaves collapse, the free charge on B passing to the 
earth. 

6. We have from Ohm's Law 

E=Cli — i*5>c 10=15 volts. 

I 

For the second part of the question . — 

The three important phenomena a>5.>clated with the passag 
of an electric current are <^ue to its 

(1) Heating effect — see Poyser ExperimtnU 141*43 

(2) Electrolytic effect — see ,, ,, jy6 

(3) Magnetic effect —see ,, ,, ^44 

7. A bar-magnet has a N -seeking pole at one end and S-seek- 
ing one at the other. When it is divided in the middle, the broken 
ends show polarities such that each broken piece is again a com- 
plete magnet with two poles. Thus an isolated magnetic pole can 
never be obtained in practice. (See Poyser, Experiment 12 page 7). 

The charge on the ball induces and attracts a charge^ of the 
opposite kind to the end of the cylinder nearest to it. while induced 
charge of the same kind is repelled to the other end of the cylinder^ 
When the two parts of the cylinder are separated, each part con- 
tains either all the induced positive.'or all the induced negative charge 
further, as all points on the surface are at the same potential, there 
wo^ld be no flow of chaige at the'time of separation. 

8. See De' Practical Physic^ page 270, Wheatstone bridge 
method of comparing resistances.' Or if a voltmei^ to measure 
E.M.F. is available, put all the resistances in series with a battery ; 
the same current will, of course, pass through every part of tnc' 
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circuit. As Ohm's Law, C=E/R is not only true for the whcJe 
circuit but for a part of the circuit as well, we have 

Hi H, Rg 

where £3 etc are the diff. of potentials between the 

terminals of the given wires respectively, measured by the volt- 
meter and Ui, Rg, K| etc. are thetr resistances. 

Hence R^ *. R* : R5 etc = : E^ : Eg etc. 

The second part of the question is an example of divided circuit. 

Let E be the P. D. bet. the two points when the resistances 
K, are joined in multiple arc. Let Cj.Ca, be the 
-currents in the three branches and C the total current=5 amperes. 

We have E=CiRi=CaRa -CgRg. 

Whence Cg5=Ci ^=Ci xj ; andC3=Ca^=C, k J. 

Kg Kg 

C = Cg + Cg + CgSsCi X V‘“5 

Hence amp. Cg=s|f amp. and Cg=:j$ amp. 

9. Coil an insulated copper wire so as to make a helix round 
.a bar of soft iron. When a current is allowed to flow through 
the coil, the bar becomes strongly magnetised, the combination 
being called an electro-magnet. 

Soft iron is the most suitable material to serve as a core for 
an electro-magnet, as it possesses a great susceptibility and a small 
retentivity ; in other words, as soon as the current is turned up it 
immediately turns into a powerful magnet and becomes demagne- 
tised just as the current is stopped. This is a nAressity for the 
working of many instruments, such as Electric bellsyTelegiaph trans- 
mitters, RuhmkoriPs coil etc. 

In the second part of the question, the end of the electro mag- 
net nearest to the needle must attract the north of • the 
•compass needle. Tins happens when the current will seem to 'flow 
clock-wise in the coil when looked at from the side of the needle. 

16. The case is one of Barlow’s Wheel For description at|d 
-diagram, see Peyser, page 242, Jig. 2/5 and Ganot^ page 66^. 

The direction of rotation depends upon that of the lines of 
forcq in the field and the direction of the current. 
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Only SEVEN qnsitons ars to he attempted. All questioner 
■are of equal value. 


Con««cvation 
•f EnorgiY 
* 11 - 1-1 
12 - 1-4 

Laws, of 
Pand. 

J2-I-2 

15-1-2 


8p- Or. of a 
Ootid ^ 

09 1-8 
iS-I-3 


Ooyle'a Lam 
1 1-I-4 
IS-J-* 


0941-3 

I2-I-S 


To End 

< 

>4-1-7 


1. State the principle of the conservtaion of 
energy. Illustrate the principle by taking some simple 
examples. 

2. State the laws of oscillation of a simple pendu- 
flliim. Deduce the effect of temperature on the periodi 

of oscillation of a compound pendulum. 

3. How would you determine the specific gravity 
of a solid ? 

A cubical block of wood of specific gravity* of 0*7* 
floats in water, just completely immersed, when a body 
of unknown weight is placed on it. Find the weight 
of this body^ if the vidume of the block of wood is 
100 c. c. 

* 4. State Boyle’s law. Describe E method of 

verifying it experimentally. 

What volume does a ^amme of hydrogen occupy 
at o^, when the height of the mercurial^ barometer ts 
750 millimetres f [ 1 c.c of hvdrogen weighs o'oooSpsS 
grammes at 'o^C and 760 millimetres* ] 

5. Explain the meaning of latent heat. ^ How 
would 3rou determine the latent heat of fusion of ice ? 

Explain the ctNding effect of a fan. ^ 

6. Describe an experiment to determkie the* 
co-efficient of linear expansion of a metal rod. 
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A copper rod is found to be 3*0009. 5 0018. 5*0027 
metres long at" temperatures io®C., 2o“C. and 30®C. 
respectively. Find, by means of a graph, its length 
at o^C. Determine also the coefficient of expansion. 

Explain how a knowledge of the boiling pdint 
of water would enable us to determine the barometer 
pressure. 

Into the Torricellian vacuum of a barometer water 
is introduced drop by diop till some water is left over. 
From the depression of the mercury column It is possi- 
ble to determine the temperature of the room. How ? 

8. Describe a method of determining the vibration 
frequency of a tuning-fork. 

If the frequency of a tuning-fork is 400 and the 
velocity of sound in air is 320 metres per second, find 
how far sound travels while the fork executes 30 
vibrations. 

9. A sonometer string is stretched with a force of 

200 grammes weight, (a) The force is increased to 
800 grammes, (b) The length of the string is halved. 
How is the pitch of the note emitted by the siring 
affected in each case f • 


Barom Prtt*. 
from boiling 
point. 


Pitch of a fork 
»iS-T-8 


Vibration of a< 
String. 


SECOND PAPER. 

Oitfy SEVEN questions are to be atUmpted. All are of equal 
wtue. 


r. State the laws of reflection of light. How 
would you verify them experimentally T 

PQ is an incident ra^ at a plane surface. If is 
anv point on the reflecting planCf show that P{i -f QR 
is less than PQ‘^ ffR. 

2. Describe an arrangement of apparatus by 
which a solar spectrum may be projected on the sicreen. 
Describe such a spectrum, and give a general explana- 
tion of the dark lines in the spectrum. 

3. A concave mirror of fpcal leiwh 8 cm. is made 
to approach a rod of length 4 cm. placed perpendicu- 
larly to the axis of tlie mirror. Show, by means of 
typical diagrams on the squared paper provided, the 
dianges in the nature and size of the image. 


Laws Re- 
flection 


'iS-lM 


Pure spec- 
trum 
'io-iI-3 
’il-fIA-4 
14 . 11-4 

imagee by 

Ooneeva 

mirror 

ii-lIAa 
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Magnifying 

gljIM 


<2old leaf 
^Electroscope 


Electropho- 

rous 

’14 11-5 

Condensing 
Electroscope 
*15 11-6 
Leyden Jar 
•m- 11-3 


Electro-Static 
and electro- 
dynamic 
d scharge 
'12 11-6 


’1411-9 

’15-11-7 


Tangent 

Galv. 


Magnetic 

Induction 

*14-11-10 

Magnetisa- 

tion 

11 - 11-6 


£. M. Induc- 
tion 

'09 II-S 
I i-llB-4 
J4 - n-9 


4. Explain how a single convex lens may be used 
as a magnifier. Trace the path of tlie rays by which 
an object would be seen in such a case. 

5. Explain the use of a gold-leaf electroscope. 
How would you charge it by induction ? 

An electrified ball is made to approach an un- 
charged gold‘leaf electroscope till it touches the elec- 
troscope. Describe and explain the effects observed. 

6. Explain the action of (a) an electrophorus* (6) 
a condensing electros(;ope, and (^) a Leyden jar. In 
charging a Leyden jar the outer coating 15(0) insulated 
(^) connected to earth. What difference does it 
make ? 

7. Mention any three phenomena associated with 
the passage of (a) 'frictional', (6) 'voltaic* electricity. 
Describe snitabie experiments by which they can be 
demonstrated. 

8. Describe and explain the action of a 'simple 
form of tangent galvanometer. 

With a single Lcclanche*s cell and a given circuit 
of a total resisiance (including that of the cell and 
“galvanometeri of 10 ohms, I get a certain deflection m 
the galvanometer. When the cell ib changed, as well 
as well as the resistance of the circuit, so that the 
deflection is again the same^ it is found that the total 
lesistanceof the circuit (in the second expei iment) is 
15 ohms. Compare tiie electromotive forces of tiie 
two cells. 

^^9. What is magnetic induction ? How would you 
distinguish between a permanent magnet and a mag- 
netic substance J 

Describe as many methods as you can of roajue- 
tising a piece of soft iron. * 

10. Give a brief account of the principal pheno- 
mena of electro-magnetic induction, illutsrated by 
typical experiments. 



ANSWERS. FIRST PAPER, — 1913, 


MS 


ANSWERS. 

FIRST PAPER— 1913. 

See the answer to Q i 

2. ,For the four laws of oscillation, see Text^book, 

The period of oscillation of a pendulum at a temp, t is given by 

T= 2 7r\/ JL= i>7r a/m ^ XX/ ) 

S .g 

where is the length of the pendulum at o'^C and X. is the 
linear co-elt. of expansion of the pendulum rod. 

Ato^C, l o- stta/^o 
S 

T =To •s/^+'x'T)! 

Hence the period incieases for a rise of temperature. Thus, 
'\hcn temperature increases, a clock loses and vne versa^ 

3. See Text Book, - • 

Let the wt of the body — w gms. 

and the wt of the block— 100 x 07 = 70 gms. 

According to the condition of floatation, 
weight of block + that of the body on it 

=upward press, due to water displaced by the block 
=wt. of 100 cc. of water 

or 70 — w= 100 gins. whence Tr= 30 gms, 

4. 0*0008958 gm. of Hydrogen at N. T. P. occupies i c.c. 

1 gm of Hydrogen wil| occupy c.c, at N.T P- 

Now PV=PW" 

Substituting 760 X = 750 x V * 

Whence V^ — 1131 c.c. nearly 

5 . For the meaning of Intent heat see De' Practic/il Physics 

/Jp. 

10 



146 


ANSWERS. FIRST PAPER,— 1913. 


For the determination of Latent Heat, see page 160 ibid, 

A fan is able to produce a cooling effect in two ways (i ) by* 
accelerating evaporation from a wet surface (2) by promoting 
vcnfilation by the ‘speedy removal of hot air and thus producing 
a bree;;e of fresh cold air. 

6. For an experiment to determine < of a metal rod, see 
Clazebrook^ Art 56. 

I.et the X axib on a square paner represent temp starting from 
the zero degree, and the Y-axis, the length in metres. 

Plot the given points and connect them. The jjraph will be a 
straight line. Produce the straight line to nvjet the Y-axis. Then 
the ordinate enclosed between this point and the X axis gives the 
length at o°C. It will be seen from the graph that this is 5 metres. 

Hence < is given by 

^ ^hangc in length 

length at o''C x rise uf temp, 

5X 10 

• • 

7. We know th it water, in fact any liquid, boils at a tempera- 
ture at which the pressure of its vapour is cquil to the superincum- 
bent pressure. So noting the temperature of boiling water at 
any place uearc to consult Regnault’s 'fable of pressure of aqueou> 
vapoiii. The pressuie at the observed temperature is the required 
atrnospheiic pressure. 

As water is introduced drop bv drop into tlie Torricellian vacuum, 
more and more w'ater vapour wdl! be formed and the mercury level 
will go down more and more when the space will be saturated with 
the vapoui and the process of vapoii^ation will stop. The pressure 
of, the aqueous vapour has now' been the maxipitim pressure at the 
temp, of the room, which is constant and is measured by the 
depie-sion of the mercury column. Hence, consulting again the 
above mentioned table we get the room temperature. 

8. For the method to determine the frequencies of fork see 

^ Sou vd- Chap. X. Any method may be given^— preferably that of 
lesonant column of air. See Arts $6 and 75. 

For the example given, 

In the time of 400 vibration of the fork t.e. in one sec., sound 
travels 320 metres. 
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Hence in the time of 30 vibrations of the fork viz. in 30/400 sec., 
sound will travel ^7X320-24 metres. 

9. Let' n be the frequency of the note emitted by the string 
when the stretching force T=wt. of 200 gms. 

Now in the case of transverse vibration of a string the expre- 
ssion for n is 

” = A \/ where 

21 y m 


I = length of string. 

T = tension of string in dynes. 
m = mass in gm«. per unit length. 

of string, 

(fl) In the formula given above let T= 800 gms. and ;2= pitch 
of the corresponding note emitted. Then, 


n 


= a/','-- vC”- 


l») Let «2 be the p tch of the note w'm n the length Is halved 
Then, , 

« “* ifl 

So frequency is again doubled i. e, the first hight r ocUve is 
iicard. 


SECOND PAPER, -1913. 

/ 

i. For the laws of reflection of light see Gl<i:,chroQk^ 

ArtSf 23 and 24 or Ganot Art, 332, 

The latter pnrt of the question is on the principle of Least 
Path in the case of reflection. Draw a figure. 

Draw PNP' normal to the mirror, and produce RQ to meet PP' 
at Join PQ^ 

Then, since PN=P'N, we have by geometry, PQ=P'Q and 
PQ'=PQ'. 

But P'Q +Q'R > P'R 

i.e. >PQ+*QR 
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2. For the production of a solar spectrum, see Giaz^hrook^ ^ 
Light Art^ loj Expt, 29 (b). 

The sun is assumed to consist of an incandescent solid or 
liquid nucleus, surrounded by a comparatively cooler envelope in 
“which oxygen, hydrogen, iron, calcium etc., are present in the 
form of gases or \apouis. Now, the vapour of an element 
absorbs the waves which it would itself cMiiit if it were incandescent. 

'1 he white light, emitted by the solar nucleus which consists of 
liiniinoiis vibrations of all frequencies, is robbed, in passing through 
the solar atmosphere, of those waves which vibrate in the same 
periods as the elements iheie piesent. (See (HaiSfhtook^ Light 
Art J2i), 

3. Proceed just m the same way as shown in Q. 2- U — igii 
only take / = 8 cms. and 0=4 ems, here. 

Sum up yoiii r bsci \aiir)ns in a tabular form (also sho'^n), in 
which the values ot v .ind / in cms. corre'^ponding to the \alues of u 
taken in cms., should be pu . 

4 ^ convex Ions is used .is a magnifier when the object looked 

at, is \Mthin the foial lenuth ot the lens. A viitual, eiett and mag- 
nified image appe.irs to bo formetl on the same side as the object. 
For the fig. si e Jig g2 GLazehrook, Cight, 

4 

5, See De. Prac, Physics, page 229, 

'1 here will be induction on the electroscope du? to the presence 
of the charged body, the ItMvcs diverging with the induced charge 
of the same kind while the induced charge of the oppoaite kind 
is atti acted to the top. 

As the charged ball approaches .the electroscope, induct.on is 
stronger and consequently the divergence of the leaves increases. 

When the bfill is m.ide to touch the electroscope the inducing 
charge is neiitialised by the induced charge of the opposite kind 
at the top of the electroscope, while the induced charge of the same 
kind on the leaves spreads over the conducting part of the electros- 
cope and the surfaces of the balls which are now in contact 'with 
each other. In fact, the case has now become a case of conduction, 
and the diveigence of the leaves is consequently noticed to 
diminish. 


6, (a) See Poyser^fage 8g 

iP') II II II ^34 

(^) II II II 

(a) When the Leyden jar is charged with the outer coating 
insulated, the potential of the latter is very nearly equal but slight* 
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ly smaller than that of the'inner coatinir ; so from the formula Q- 
=CV where V is the diff. of pot. between the two plates, Q, the 
charge imported to the Leyden jar will be small, for the capacity 
C is constant, depending on the size of the coating and the dis- 
tances between them. 

(A) When the outer coating is carth-connerted its potential falls 
to zero, hence the diff. of pot. between the two coatings increa- 
ses. therefore the quantity of charge the Leyden jar can j’eceiv^ is 
much greater. 

7. Furlional electricity does ei^'ily give rise to big sparks by 

means of which a flame can be lighted or gun -powder burnt. The 
mechanical effect of the di'-charge from a Leyden jar can be demons- 
trated by letting the discharge pass through a thin gli‘?s plate when 
the latter is pierced thiongh. Again, the pliysi'dogical clieetjs well 
demonstrated bv the s‘Mick experienceH when the discharge 
from a Leyden jar takes place through the body. (See Poysert page 
132, Expts. v8 and gg.) , 

{b\ For the phenomena associated with the passage of voltaic 
electricity, sec the answer to Q 6 - 11 — igt2, 

8. For the description of Tangent Galvanometer see De' Pract, 
Phy^ics^page 2^g and for the action and formula, see Poysee^ 
^ 5 - 47 - * 

In the example given, 

In the fiisl ease — 

F 

C = where E, i-* the {?./;/./*. o" tlr* rsl cell. 

IQ ^ 

In the second case — 

C wh^re *E^ „ „ 2nd cell. 

since the de^cc'ion i,s the same in both cases. 

Therefore Ej • £9 = 10 15=2 . 

9. For magnetic induction, sec Poyser, page ir. 

A magnetic substance is one which ran be acted noon bv a 
magnet and is attr.icted by either pole of a magnet. But a perma- 
nent magnet has got fixed polarities and can be attracted by one 
pole and repelled by the other pole of a knjwn magnet when the 
latter is present d to the same end of the former. 

For the methods of magnetisation see Poyser, page 75. 

10. See Poyser page 283-86, Sum up your conclusion by ad- 
ing the table given there. 
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On/y SEVEN ions are to be attempted. All questions 

are of equal vaUie^ 


8prinE 

balance 


Press, in 
a liquid 


Archimedes’ 

Principle 


Evaporation ; 


Boiling 
under 
dim press. 




Ht. from 
Boiling R. 


1 . Describe a spring bain nee. 

A set of observations taken with a spring balance 
is given thus : 

Weights in the pans (in grammes.) 

lo 20 30 40 50 60 70 90 

Extension (m millimetres.) 

0 13 20 24-5 30^ 38-5 42-? 5S 

Hy means of a graph, find the (approximate) rda- 
tion between tnese quantities. Find the magnitnde of 
the weight that will extend the above spnng by 40 
mm. 

2. How would you pro\ e experimentally that a 
liquid exerts pressure in all directions. 

A tall vessel provided with a tap at the side, near 
the bottom is filled with w^ater and made to float up- 
right on a thick plate of cork. Explain what wiK 
happen when the top is opend. 

3. State Aichimedes* principle. How would you 
verify it CNperimrntally. 

A piece of metal of specific gravity S'g weighs 15.8 
gianinies in water. Find its value. 

4. Explain the meaning of evaporation and 
ebullition, i'lescribe suitable experiments to illustrate 
their meaning. 

A flask is half filled with water and heated till the 
water boils. After a short time, when the upper part 
of the flask is filled with steam, it is well corked and 
inverted. Cold watei is now poured over the flask. 
What will happen ? Why ? v 

5. Explain how you are able to determine (ap- 
proximateh ) the height of a mountain, by finding the 
boiling points of water at its top and ^tom. 
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6. Explain how the specific heat of a solid may 
be determined by nv^ans of the ice-calorimeter. 

A mass of 500 grammes of copper is heated in an 
oil bath and then placed in an ice>caloiimeter. If 
350 grammes of ice arc found to be melted, find the 
temperature of the oil bath. [Specific heat of copper 
-0*0933.1 

7. Define the coefficients of linear and cubical 
■expansion. 

A bar 50 cm. long is heated from 14X. to 98X. 
If the increase in length is 0*7 mm., find the coeffi- 
cient of linear expansion, 

8. What do you understand by the pitch of a 
musicaf note ? 

Two organ pipes of the same length are given, one 
open, the other closed. What should be the rclatidn 
between the pitch of the fundamental notes emitted 
by them ? 

9. You are provided with a vessel containing 
water, a glass tube about 40 cm. long, open at both 
ejids, and, a tuning-fork whose fieqgency is 256. 
Explain how, with these, you would dcteimine the 
velocity of sound. Wh^it experimental result do you 
•expect ? [The velocity of sound in air is 33280 cm. 
per second nearly.] 


8p. ht. by 
Ice cal- 
orimeter 


Lin Co-etr. 
of exp. 


iS-I-4, 


Pitch 

12-1 9. 


Organ ti 
pipes 


Vel.of Sound 
by Retonanoa 

'09- 1 -6 
•n 1-6 
* 12 - 1-9 
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Onljf SEVEN questio7is are to be attempted, all of which are 
of equal value. 


1. State the laws of refraction of light. Explain 
how they may be experimentally verified. 

A coin placed in a basin is hidden from view by 
the side of the vessel. When water is poured into the 
vessel, the cf)in just comes into view. Explain the 
phenomenon by means of a diagram. 

2. Show how' to find by a geometrical construc- 
tion the position of an image formed by a (thin) 
double convex lens. 


Law* of 
Refraction 

12 -II-1. 


Image! by 
Convex lent 

h5-II-a 



15 ^ 


Telescope 
'I2-II 4- 


Pure 

Spectrum 
’H-II A -4 

»iO-II-3 

’I 3 - 11 - 2 . 


Charging a 
Leyden Jar. 

13 - 11-6 

Eletrostatic 

machine 

13-11-6 

Ice- pail 
Expt 

js-n-s 


Constant 

cell 


11 - 1113-2 


Lines of 
force of a 
magnet , 
Il.IIB-6 

Detection of 
a current 
12 -11-6 
13 - 11-7 

iln-7 

Telephone 
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Find the si^fe of the image on the squared paper 
provided, the si^re of the object (placed symmetrically 
with its centre oil the axis) being 5 cm , and its dis- 
tance 30 cm. from the lens. [The focal length of the 
lens=io om.J 

3. Trace the path of the rays in a simple teles- 
cope focussed for a very distant object, the object glass 
and the eye-peicc each consisting of a single thin 
double convex lens. 

4. Light from amilluminatcd slit is brought to a 

focus on a screen, aficr being passed through a double 
convex lens. A prism is then placed between the 
lens .and the screen. What will be the eftect ? Trace 
the path ot the ra3s. / 

5. How would you charge (a) an insulated metallic 
conductor, (6) a l.e>den jar by induction Describe a 
simple form of electrical machine for prpducing 'static'" 
clcctncitv. 

6. On an insulating stand is placed a metal can, 
the outside ot which is connected to a gold-leaf eLctro- 
scope. 

A charged metal ball hanging by a silk thread is 
gradually let down into the va^-^scl, till it rests on the 
bottom. Desenbe and explain the effects produ'‘ed. 

7. Describe a. constant cell (Any form). 

A current of o 2 ampere passes through a circuit 
of resistance 10 ohms. Find the E. M R of the cell 
piodutmg the curient. [The internal resistance of the 
cell IS negligible ] 

8. Explain how 3'ou would trace the lines of force 
in the neighbourhood of a magnet. 

9. Wliat is an electric circuit ^ Describe two me- 
thods by which you could detect the existence, and 
determine the direction of an electric current flowing 
in the Circuit. 

10. Explain the action of a telephone. 
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. ’ ANSWERS. ■ 

FIRST PAPER, -1914. 

1. For the description of a spring balance see Text-hook 

Tkke a piece of square oaper, let the X avis represent the 
vyeight in gms. and let the Y-axis, the evtensions in mm. Plot 
the points for the given readings and draw the mean line through 
them. The graph will be a straight liho. 

It will be seen that to produce an e\teasuai of 40 mm. a weight 
of about 64 gms. will be necessar} . 

2. See Text-hook, 

The>essel moves away in a dnoction opposite to th.nt of the 
issuing jet. — an illustration of the lateral picssurc in a liquid ( See 
Ganoty page gg, Art, S8. ) 

3. For Archimedes* principle and Its e\T>eninental vcrificati<;n, 
see Ganot Ari^ ) 

I.et V bo the vol. of the bod\ in r »•. 

Then its wt. = voh x diMi'.iiv =-8*f}X V. 

And wt. in \vater=S*g X — wt of di^pl ired ‘l('f 
, *=(89 — \') gms.- I5’8 lmh- 

Therefore V — 1 5 8 7 9-- 2 r < 

4. For evaporation. See Pai^c rjs j/eat 

„ „ Arts, 120 ano 122 ,, 

h'or the latter part of the rpiestion sof Art, 121 , 

5. We know that water (m fact .in\ h.ju d) buls wht.n tfie pres- 
sure of its vapour is equal to the super-iiu uiivjcnt picssuie. We aic 
to note the two temperatures at whirh w it-'r biuls <>\\ the summit of 
a mountain and its'base. Hy (onsultmg Kfg .ault’s tables of pres- 
sure of aqueous vapour at ditTerent tempi r.iturcs w** can find the 
pressure of the atrnospherelat the two plifc-. and honce theur rlifl- 
erence. Vciy complete tables ha\e again been nuistnicted by 
which the diff^-rencc in height between c y two p’ace^ may be 
readily ascertained, if the corresponding ditTcrcnce of pje^'Surc b<-* 
known. P'or 'small elevations w(* mav assume thai an ascent of 
9 CX> ft. produces a depression of I in in the b.'jromttrir height. 

The above comes to an approximation that an ascent of about 
1080 ft. produces a lowering of T°C or that of 6co ft. produces a 
lowering of in the boiling point of water . 
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6. For the determination of sp. ht. of a solid^ Black's method 
may be adopted, see Glazebrook, Heat. ) 4 rt 48, page 44. 

Let 'r be the temp, of the oil bath 

Heat lost by Copper = Heat gained by ice • 

or. Mass of Copper X its sp. ht.xfall of temp. 

= Mass of ice melted X Lt. ht. 

i. e, 508 X 0*0933 X (T - o) = 1 50 X 80. 

whence T = 257X approx. 

7. For definition of see Giasehrook^ heat Art 55. 

f* »t ff ^ •• ,1 »> ^ 3 * 

In the exam plc^gi veil, we have the formula 

I* = / { I + < - 01 see page 2 1 of this book, 

.*. expansion = /*— / «■ l<(jf-t) 

Here o 7 m.m.= 5ox<x(98 — 14) 

= x5ox84=420OXX. 

/ whence < = 0*00016. 

8. For the pitch of a note, see De. — Sound Art 57, 

In the latter part of the question, the pitch of the fundamental 
of the open pipe is an octave higher than that of thetlosed pipe of 
the same length, (see Art, 6g, ibid,') 

9. Hold the ijlass tube vcitically in the jar dipping one end in 
the water. , Hold tlie vibr ating fork close to the upper end and 
adjust the height of the tube over water until it speaks. When the 
resonance is maximum, the wave-length in air of the note is given 
by four times 'the length of the tube over water. {See De, Sound, 
Expt, 18 page 5? and Art, 7^. 

From the condition of resonance in the case of vibration of air 
in a closed pipe, v\e have v -• 4 / «. 

where v = vel. of sound in air, 

/ = length of the vibrating air-column 

and n = the frequency lof the note. 

Here 33280 ==: 4 x / x 256 
♦ Whence I = 32*4 cms. approx. 

Thus, we expect that in the experimant, maximum resonance 
will occur when the length of the tube above the water-surface wiU 
1 1 about 32*4 cms. 
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SECOND PAPER. 1914. 

I 

1. For the statement of the laws, see Glazebrook, Art jj. 
f For the expel imental verification, see Ganot Art J5/, 

* For the second part of the question, see Glagebrook l^ight, 
JExpt. g poge 50. • 

2. For the geometrical construction for the formation of an 
image by a double convex lens, Glazebrook Lights Ait 74 and 77. 

Draw a figure on the square paper provided, after jig, g4 
Glazebrook Lights where AQ is to represent »3o cms. and Ab*' 10 
cms. on the seme scale. As the object is placed symmetrically on 
the axis, PQ is to represent 2*5 cms. not necessarily on the same 
scale. The semi-length of the image is given by pq on the same 
scale 4 s PQ. The s^ze of the image will be 2*5 cms. 

3. Desct ibe an astrono>iiical telescope, see Glazebrook- Lights 
page 160. Art g8. 

4. A pure spectrum would be obtained. F'or figure and dis- 
cussion, see Glazebrook- Light, Art ijr, 

5. (a) The insulated metallic crmdtirtor can be charged either* 
by conduction or by induction. In conduction, this is simply to be 
put <11 contact with a charged body or an electrical machine. 

In induction, a charged body is to be brought near the con- 
ductor. The induced opposite charge is attr/^cted or bound by the 
inducing charge to ihai pan ot the cunducior neatest to it, while 
the induced similar charge is repelled to the furtliest end and passes 
to the earth when the conductor is momentarily connected with the 
latter. Now remove the conductor away from the charged body 
when the opposite charge will no more be bound and will spread 
over the whole surface of the conductor. 

To charge a Leyden jar by induction ; — Draw first a sectional 
figure of a Leyden jar. 

Place the jar on an insulating table, take the charged body 
(say with H-ve electricity) near the knob of the jar, it will induce 
— ve charge on the knoband + ve charge on inner foil. The latter 
again induces — ve charge on the inner side of the outer coating and . 
-f-ve charge on the outer side. 

On touching momentarily the outer coating with the hand the 
free+ve charge on it will pass to the earth. On now removing the 
charging body the two opposite charges on the inner coating 
cannot neutralise as the case has now become similar to a standard 
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case of induction u here the— ve charge on the inner face of the 
outer coating may be regarded as holding the +vc charge on the 
outer face ot the inner coating bound to it. Now, on touchings the 
knob the free — ve charge will pass to earth leaving the Leyden jar 
on the insulator charged as imhe ordinary way. 

For the second part of the question, you may describe, either 
an eletrophorous (see Poyser^ page 8g) v an electric machine 
(Rainsdcn or Voss machine, see Poyse/', Ch, X. 

6 The experiment IS commonly known as Faraday’s ice pail 
experiment j—lor full description see De' Prac. Physics^ pp. 226-28. 

7. Describe either a Daniell or a Bunsen cell ; see Text-hook, 

In the example given : — 

wc have E=CR=o*2x 10=2 volts. * 

8. The field about a m ignet can be mapped accurately by a 
small compass needle and roughly by iron filings (See De^ Practi- 
cal Phyncs^page 20S etc) 

9. The entirb path through wliu h a current flows is called an 
electric circuit. 

The detection of a current and the determination of its direction 
can be elfected by two means ; — 

(a) bN tile magnetic effect of a current, i.e. by the deflection of 
amagne;iic needle from the magnetic meridian (the cxperimeiit 
being known as the O’ersted expenment see Prac. 

Physics^ page 240), The diicctiou ot the current is given by 
Ampeie's v\i\(i-paqe 241 thid, 

(h) b)^ the electrolytic effect of the’ current When an electro- 
lyte is decomposed by means of a current, thn Hvdr.ogen and 
metallic ions are liberated at the cathode, the electrode connected 
with the negative plate of the battery. 

I.et the current pas^ through between two copper plates dipped 
in copper sulphate solution, th« plate 011 which a fiesh deposit of 
copper occurs , shows that it is a cathode pLte. (See Poyser^ 
page 268) 

10. For the figure and action of a Telephone, See Poyser 
page 3 J3, 
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OnlV SEVEN questions are to be attempted. All questions are 
•)f equal value. 

T. Stale Poyle’s law. Describe an experiment you Boyle's law 
w )uld perfoi m for vcntying the lawv' , 

A I'trc ol air wei^His 1*293 I amines at a pressure 13 I-4« 

of 76 cm. ami temp. oX. What will be the weight of 
a litre of air at the same temperature, when tlie baro- 
meter stands at 78 cm. 


2. State tlie laws of the pendulum. 
The folhAvmg readings were obtained 
pendulum - 


Length 

1 line of 
oscillation 

\, niftli 

20 cnia. 

•45 &ec 

So cmb. 

30 

'55 

05 

42 

'b 5 

102 

55 

74 

ns 

70 

•835 

130 


with a Simple 

Time of ^ 
oscillation. 
■94 sec. 

•q8 
rot 
1-07 
i 14. 


Represent by a graph the relation between length 
and time, and hnd f i om your graph the time of oscilla- 
tion of a simple pendulum of length 50 cm. 

3. Why does a solid appear to weigh less in water 

than in air? Describe a method of determining the 
specific gravity of a solid. • 

A piece of metal weighs 100 grammes in air and 
S8 grammes in water. )Vhat would it weigh in a liquid 
of specific gravity 1.5. » 

4. Define co-efficient of linear expansion. 

The length of a copper rod at 50X. is !t'ooi66 
metres and at 200X. it is 2.00664 metres. Find its 
length at oX. and the coefficient of expansion of 


4X>pper. 


Laws of 
pendulum 

I2>1 2. 

13 1-2. 


8p. Qr of 
a Solid 

09 I S. 

I'.5. 


Linear Eap^ 

14 I 6 
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Cub. axp. 
of a gas 


8p. ht. of a 
body 

li-I 7 


Vap. press 
of a liquid 


Forced 

vibration 

Pitch of a 
fork 

13 * 1-8 

On 

®=«x 


Laws of 

Reflection 


Images by 
Convex lens 

1 4-11-2 


Spectrum 


SECOND PAPER,— 1915. 

5. Why it is necessary to take account of the pres- 
sure of a gas in determining its coefficient of cubical" 
expansion ? 

200 c. c. of air at 15'^C. is raised to 6 ^^C, Find 
the new volume, the pressure remaining unchanged. 

6. How would you determine the specific gravity of 
a liquid ? 

If90grammes0fmercuryat100X.be mixed with 
100 grmmes of water at 2oX.. and if the resulting tem- 
perature be 22X., what is the specific heat of mercury ? 

7. Describe an experimfent to show that the vapour 
pressure of a liquid Exposed to air at Us boiling point 
IS equal to the atmospheric pressure. 

8. Kxplain Why. when the handle of a vibrating 
tuning fork is pressed against a thin w^^'oclen board, the 
intensity qf sound is greatly increased. 

Explain a method of determining the vibration 
frequency of a tuning fork. ‘ 

9. The velocity of sound in hyd-ogen is 1296*5 
metres per second. What will be the lengf h of a closed 
organ pipe filled with hydrogen which gives a note 
havin^g^a vibration frequency of 512 per second ? 

SECOND PAPER. 

Only SEVEN quest are to be attempted. 
All questions are of equal value. 

1. State the laws of reflection of ligiit. Show by 
means of a diagram that a man can see the whole of 
his person in a mirror, the length of which is half -his 
own height. 

2. Show how to find by a geometrical construc- 
tion the position of an im.age formed by a thin convex 
lens. 

• An object, 2, in long, is placed (symmetrically with 
its centre on the axis) 8 inches from such a lens. Find 
by means of a diagram, the position and the length 
ot the image, given that the f^cal length of the lens is< 
4 inches. [Squared paper is provided.] 

3. ^ Light from a slit is allowed to fall on a prism. 
State and explain with the help of a diagram what 
will be observed when the slit is illuminated (i) by a. 
sodium flame. (2) with white light. 
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« 4. T)espri^>e a con\pound microscope and trace 

the path of the rays. 

5. Explain the meaning of the expression electri- 
fication by induction. How would 5'ou prove that 
posiiiv^and negative electricities are produced in equal 
quantities by friction ? 

6. Explain the principle and the action of a con* 
densing electroscope. 

7. Describe any two effects of an electric current, 
whereby the direction of the current may also be 
determined. 

8. What is an electro-magnet? Explain (1) the 
action of an electric bell ok (2) the principle of the elec- 
tric telegraph. 

9. Describe typical experiments to ilkistiate the 
phenomena of electromagnetic induction. 

10. Describe suitable experiments illustrating the 
phenomena of magnetic induction. How would you 
determine whether a given steel rod is a magnet or 
not ? 


Microscope 

1 2- 11-4 

lee-pall 

Expt 

14-11-6 


Condensing 

Electroscope 

13-11-9 

Effect* of a 
Current 
12 -11-9 

13- 11-7 

14- II-9 
Electro-mag. 

1 2- 11-9 

Electric bell, 
Telegraph 

E. M Ind. 
09-11-5 
ii-n b-4 

13- II-IO 

Mag. Ind. 

13-H-9 


ANSWERS. 

FIRST PAPER, 1915. 

I. For the statement of Boyle's Law and an experiment to 
verify it, see De' Prac, Physics page, 112 etc^ 

In the example given : — 

The vol. that a litre of air at 76 cms. will occupy at 78 cms. is ^ 
given by ^ 

VI -^PV_ 76 xiboo 

tHence the wt. of c.c. of air at 78 cms. 

, =1-293 gms. 

wt. of I litre of air at the same temp, and press. 

_-i'293 1*293x78x1000 

--^,-xiooo- 76 555 
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= *'327 gnis. approx. 

2 For the laws of pendulum see Text^hook. 

Jn the graph given below 

X axis rcpres« nt*i length 'in ems, i small div. = 4 cfcs. * 
V axis repicsents time of oscillation 1 small div. = 0*2 sec- 



From the graph the reqd. 'time of oscillation is found to be 
071 sec. 

3. When a solid is immersed in a liquid, S4y« water, it display 
a quantity of the liquid equal to its own volume and is consequdkr 
ly acted upon by an upward pressure. According to Archimedes* 
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principle, this upward pressure is equal to the weight of the dis- 
placed liquid. Hence a solid appears to lose a part of its weight 
when immersed in a liquid. 

For the method of determination f>f the specific gravity of a 
solid, itee De* Pract, Physics page loo etc, 

III the example given 

Loss of wt, of metal in water =100—88=12 gms. 

.*• Vol of displaced water =ij c.c. 

= vol. of the body. 

vol. of the liquid displaced =12 c.c. ^ 

Hence the wt. of liquid displaced = i2X i‘5 = iS gms. 

.\ wt. of the body in the liquid =100—18=82 gms. 

4. For definition of see Glaeebiook^ Heat Art 55. 

In the example given .— 

We have /^=/fl -f — 1 )\ (stv pa^s 21 of this book) 

... /!-/ 


Here 2*00664— 2'ooi 66= 2 ooioh x x h (joo — 50). 
or o 00498=300*249 •>< , 

whence X = *uoo » 1 67 

Again 2xx)i 66= /©( 1+ 50 X *00001 67) 

« 


whence] 


r 

® 1 000835 


log /p=log 2 ’ooi 66— log 1*000835. 
= *301 3882— *0003625. 

= •3010257 
=log 1*99998. 

7^=1*99998 metres. 


5, Co-efficient of cubical expansion, y of a gas. involves the 
determination of change of volume of the gas due to a rise of 
temperature. It is obx ious that the change of volume considered 
here should only be effected by alteration of temperature. Altera- 
of volume due to change of pressure is obviously not to be counted 
hese. Hence an experiment to dcterniine 7 must be conducted 
with a constant pressure. 

SI 
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log V‘»log JOO+log 338— log 288. 

*2*3(»to3oo-|.2-5289i 67— 2*4593923. 
“2*3705542 =log 234*722 

V* = 234*722 C.C. 


6. In this question spuific gravity is obviously meant for 
specific heat, 

'rhe specific heat of a liquid can be determined by the method 
of mi\ture, viz., by raising some solid of known mass and specific 
heat to a given ternperature, immersing it in a known mass of they 
liquid contained in a calorimeter of known weight and then" 
measuring the rise of temperature. The equation for distribution 
ol heat is as folimvs— • 


Heat lost by solid 

, s= mass of solid X its sp. ht. x fall in temp. 

= M.S(r 0) 

Heat gained by liquid 

= Its nyss X sp. ht. X rise of temp 

- m, 5 , ( 0 —/). 

Heat gained by calorimeter, etc 

= s' is -t). 

.*. MS (T— 0 )=/;/ 5 ( 0 — t’ + wV 0 — f). 

Whence 5 can be found 

In the example given, let S be the sp, ht. of mercury. 


Heat lost by mercury 

= 90 ^ S (i 00 - 22) » 7020 S calories 
Heat gained by water 

= 1 0*0 X (22—30) srs 2 cx» calories. 

^ .*. 7020 S = 200, whence S ■■•0285. 

7. See Glazebrook, Heat, page 138 Exph 36 (a) or 
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S. The first p trt of the question is an instance of forced Vibra- 
tion, see De* sound, Art ^3 («*), 

For determining' the li^qiiency of a fork, any of the following- 
onethods may be resorted to, 

(1) The vit^oscope method, 

(2) Syren 

(3) Resonance column ( see Z>e souttd Ch. X ). 

^ 9, For the expression for the pitch of a note emitted by a 

•closed organ pipe, we have (see page 63 of this book) r* 

Substituting in the above equation, we get 
I 29 f»* 5 = 4X5I2X/ 
whence I = 1*579 metres, approx. 


SECOND PAPER 1915. 

1. For the laws of reflection sec Glazehrook^ Light Art 23. 

Draw a diagram from the following — Draw a Ime AB to re- 
present the man’s height Let the mirror M be at a distince d in 
front of it • then draw the image, on the other side behind the 
mirror, equal to the object and at a distance d from the mirror. 
Join the top of the object with the top and foot of the image by two 
lines • then, it follows from simple geometry that the poiyon of the 
mirror intercepted between these lines=half the imrigc=half the 
man’s height. 

2. For the geomctricaltconstruclion for an image formed by a 
thin convex lens see Glaiehrook^ — Light Art. 74 and 77. 

Draw a figure on the squared paper provided after Jig. 93 or 94 
in Glasehrook Light, where AQ is to represent 8 in., and AF' (AF) 
4 in. in the same scale. PQ, The semi-length of the object is I in. 
Tw'ice the length of Pq is the size of the image. 

Note that as the object is placed at 2/ from the lens, the image 
will be formed at 2/ on tlie other side of the lens, the image being 
real, inverted and equal in size to the object. 

3. (i) With sodium light only a yellow band will be obtained 
On the screen formed at the same place where the yellow of the 
solar spectnipi appears. 

(2) With white light a spectrum will be obtained. Draw aligure. 

See Glazebrook Light Art, lo"] Expt. {a) and (1) 

4. For description of a compound miscroscope see Glazebrook 

Light p. 161. 
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When an electrically charged ^ody is taken near to an* 
insulated uncharged conductor, the lines of force proceeding from, 
the former terminate at the side of the conductor nearest to the 
charged body, thus making that surface charged with the opposite 
kind of electricity. 'l‘he inducing charge and the induced charge^ 
ai^ thus held 'bound; ’ to each other. At the same, time and equal 
quantity of charge of the same sigh is also induced on the con- < 
ductor and is repelled to its furthest end It is 'free* to move 
away if a second conductor be connected with the first one. This-^ 
is what is meant by electrification by induction. 

For the simultaneous and equal development of both kinds of 
dectricity see Poyser» p, 82. Expt. 60, 

6. For the desci iption of a i^ondensing electroscope see Poyser- 
P- 134 - 

7. The direction of a current can be determined by 

(а) the effect of the current on a magnetic needle placed, 
near it, and 

(б) b> the electrolytic effect of the current. 

(see the answer to Q. 9 — II — 14). 

8. For an electro magnet see the answer to Q. q-II 12. 

For the description of an electric bell, see Payser page^ j/, , 

I 

Every electric telegraph consists essentially of three prirts : 

(1) a circuit, consisting of a metallic comieciion between* 

two stations and a source of electric current • 

(2) a communicator or sender for the signals from one of 

the stations ; and 

(3) an indicator or receiver^ for receiving them at the other 

station. 

The manner in which these arrangements especially the last 
two,are effected can be grratly varied. 

(See Poysert page 308 ax\d p. 301 etc,) 

9. For typical experiments to illustrate the phenomena of 
electromagnetic induction see Poyser, page 98$, 

10. For magnetic induction see; Poyser^ pages 

If the steel rod be a magnet it will possess opposite polarities at 
the two ends. Hence the same pole of a known magnet will attract 
one end and repel the other end of tlie given steel rod, if mag- 
netised. Otherwise there wonld be attraction due to indkHstion 
both the cases. Hence it is sa^ timt repubton is a Surer test om 
the point than attraction. 
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FIRST PAPER. 

Only SEVEN, questions are to he a I temp! ed. 
The questions are of equal valu . 

T. Define ‘work’ and ‘energy.’ Give simple 
examples of transformation of energy. 

State also the principle of the conservation 
of energy, 

2. The laws of the simple pendulum are 
summarised in the formula t — 2Tf^lTg, Explain 
clearly the meaning of each symbol in the formula. 

If the fr^qiipngy qf^ogcillatioaof a .pendu- 
lum is 98 per minute at a place where /r=9^o cm. 
per second per second, find the length of the pen- 
dulum. 

3. State Archimedes’ principle, and explain 
how it \yill enable you to identify a given piece of 
pure metal. 

’ How would you determine the specific 
gravity of a liqiiid ? 

4. A i^iven quantity of gas is allowed to ex- 
pand to 1*5 times its original volume. What will 
be the pressure it will exert, if it was originally at 
a pressure of 750 millimetres of mercury, the tem- 
perature remaining constant throughout ? 

Describe an experimental arrangement by 
which your result may be verified. 


Convervation 
of energy. 
IMA-I 
12'|.4 

13.1-1 


Pendulum. 


Archimedee* 

principle 



On 

Boyle’s Law. 
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C«loHmetry. 


Expansion of 
a liquid. 


Max. press, 
of water va- 
pour 
10 - 1-6 


Boli ng Ft, 
of a liquid. 


Vel. of Sound 
12 - 1-8 


Vibration of 
•trlng. 


5. Ten grammes of water at 70X. are mixed 
with 5 grammes of water at o^C., what will be 
the final temperature ? 

If the five grammes of water at 0 *C. 
are replaced by an equal amount of ice at O^’C., 
what will be the final temperature ? ’ , 

The water equivalent of the calorimeter 
and stirrer is 1*3, and the latent heat effusion of 
ice is to be taken equal to 79. 

6. Distinguish between real and^ apparent ex- 
pansion in the <.ase of liquid. 

The coefficient of expansion of mercury 
is of a mercurial thermometer 

is 1 C.C., and the section of the bore of the tube 
0 001 sq cm., find the position ©rthe mercury at- 
ioo"C , if it just fills the bulb at o“C. [Neglect the 
expansion of glass.] 

7. What is meant by ‘maximum pressure of 
water vapour’ ? How can it be measured at ordi- 
nary temperatures? 

Water can be made to boil at all tem- 
peratures. Indicate the conditions that are, in 
general, necessary. 

8. Explain how you would determine the 
velocity of sound in air. 

If the length of an open organ pipe sound- 
ing its fundamental note is one metre, find the 
frequency of the note. [Velocity of sound at the 
temperature of the experiment, 320 metfes per 
second.] 

9. State the laws connecting the ’ frequency 
of the note emitted, and the length and tension 
of the vibrating sonometer string ; and explain 
how you would verify the laws experimentally. 
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Only SEVEN questions are to be attempted. 

The questions ate oj equal value. 

1 . Define index of refraction. State the 
condition for total reflection. 

A rod is partially dipped into a basin of water. 
Explain, by means of a diagram, the appearance 
presented. 

2. Describe a simple form of spectroscope, 

Classify the various types of spectra that may 
be obtained, illustrating each type by an example. 

3. A rod is moved from a great distance 
along the principal axis of a double convex lens 
till it is very near the lens. 

.Explain by means of typical diagrams how the 
image changes. 

4. Describe a compound microscope. Ex- 
plain by means of a diagram how the magnifica- 
tion is produced. 

5. State the laws of action between magnet 
poles 

Two North poles, repel one another with a 
force 0^2*4 dynes when their distance apart is 2 
cm. What will be their distance apsu-t vihen the 
force is 3 6 dynes } Find alsqrtbe repulsive force 
vt-hen their distance apart is 3 cm. 

' 6. Given a piece of soft iron rod. Describe 

methods of magnetizing it How would you test 
the induced i>olarity } How does it depend on the 
magnetizing agents employed. 

7. Explain the action of the electrophorus, 
ib) the gold-leaf electroscope. 
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Condenser. 


Laws of 
electrolysis 
091I-4 
Polarisation 
OO-IMO 

Etetro-dyna- 

nics. 


Electro-mag; 
netic Induc- 
tion 
0911.5 
If IIB 4 
13.11 10 
14.11.9 
15.11.9. 


8. A and are^lwo insulated mets^l plates 
constituting a \ arallel p’aie condenser. B is 
connected lo a gold-leaf electroscope. Describe 
the successive actions in the electroscope, when — 

(a) A is charged positively ; 

(flf B is momentarily connected to A ; 

(<) B is momentarily connected to earth ; 

\tl) A is made to approach B ; 

(tf) A slab of glass is interposed between A 
and B, ^ 

Indicate the nature of the electrification of B 
at each step. 

9. State the laws of electrolysis. 

Explain, with an illustration, the effect of 
polai ization on the constancy of a voltaic cell, 

10. Describe an arrangement for producing 
continuous rotation of a wire carrying current when 
p‘aced in a magnetic field. How is the direction 
of the current related to the field ? 

11. What is an induced current? Describe 

simple experiments which t>pically illustrate the 
production of induced currents. 
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ANSWERS. 


FIRSTtPAPER-1916. 

I. A force is said to do work when its point of application 
moves in the direction in whigh the force acts. 

When the point of application moves in a direction opposiU 
to that of the force, work is said to be done against the force. 

If a heavy body falls to the ground, its weight does work. If 
we lift it up again we must do work against its weight , 
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The woik done is measured by the product of the force and 
<^the distance through which its point of application moves in the^ 
direction of the force. 

Energy is. the capacif} for doing work. A body in motion is 
* able to do work against an opposing force until it romes to rest. 
A body may also pos.*>ess energy in virtue of its position or of the 
configuration of its parts. 'I hus a body at a height cari do work 
when allowed ^ fall down ; again a compressed string in a clock 
supplies the energy of drixing the clock. 

For transformation of energy and conservation of energy see 
answers to Q, j-I-ij and jp. 4-! 12, 

2. In.^ the formula for the oscillation of a simple pendulnm. 

vi-i*. 

^ = 27 r>/ 

t is the period of oscillation, i.e. the time taken by the 
pendulum to complete one full oscillation, or the shortest'time taken 
to come back to its initial position in the same phase of its motion. 

I is the length of the pendulum measured form the point 
of suspension to the point of oscillation which is approximately 
-given by the centre of gravity of the bob. ^ 

g is the acceleration due to gravity, measured in cms. 
per sec per sec. ( approx, value, 9^0 ) or in feet per sec*. ( approx 
rvalue, 32. )' 

TT is 3’J4i5* 

In the example given, 

t = 60/98 sec. 

and g = 980 cms. per sec per sec. 

Substituting in the formula given above for U 
we have 60/98 = 

98 x60x60 _ 4.^00 

whence / =^8x98x4x9^7 49X9*87 \ 

Now log. 49 =*1*690^ 
log. 9*87 =» *994' 

“^684 

log. 4500 =^3J;653 

as anti log. 9*3a 


/ 


9-30 cm. 
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3. For Archimedes’ Principle— see Text book. 

To distinguish a metal from its alloy see the answer *tO' 

For the determination of specific gravity of a liquid see 
Prac, Physics’^page 10$, 

4. Here as the gas expands under constant temp., we can 
apply Boyle's Law, viz. 

PV = P'V' 

Here 75 oXV = P'Xi 1*5 V )• 

Whence P' = 500 m.m. ^ 

The result may be verified by using a Boyle's Law appa- 
ratus I as is commonly used in the laboratory ( for figure ‘^ee De . — 
Proc. Physic's Fig, 57, page 1/3,) in which a* quantity of dry 
air is enclosed. ^ 

Let the atmospheric pressure as obtained from a barometer 
he Tt- Adjust the position of the open tube to that the difference'* 
in the mercury levels in the closed and the open arms=the diffe- 
rence between the atmos. press ir and^ the reqd, pressure 750. 

Now the pressure of the enclosed air is 750. At this stage, 
note the length I of the enclosed air. 

Lower the open arm until the new length,— i 6 x/ ; as 
the tubes are of uniform cross section the change of volume ib 
proportional. Now determine the pressure of the gas, 

5. In the example given let f be the final temp. 

Then, heat given out by 10 gms. of water in falling from 
7o®C to ^ - iox(70— 0. 

Heat absorbed by 5 grm«J. of water at oX in rising to- 


^ rC = 5X(f— o) (I) 

Heat absoibed by calorimeter and stirrer 

= r3X^ 12) 

But heat lost — heat gained. 


• 10x170— =1*3 M-5 L, whence t = 42'^9 C 
Ih the secopd case, in addition to (i) and (2) above, we 
have to lake account -of the heat* absorbed hv Sjgprms* of ice at aX 
Ilf being converted to water at oX. and this is j 

=5x79=395 
Hence 10 x (70- 0=^*3^ +395* 

Whence #=i8°7C. 
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\ 

^ For distinction between rqal and apparent expansion of a 
liquid — See Glazebrook, Heat. Art y6. ^ 

In the example given, we have 

Vt=Vo(i+7/) 

Here Vo= icc., loo'^C and 7= 1 /5550 

Vt= 1*0182 approx. 

Of this voluiiie> the portion 0*0182 occupies the bore of the 
tube and is of length 0*0182/001 i.e. 18*2 cms. from the bulb of 
the tube. (The expansion of glass is here n^lectcd.) 

7. A 1iquid«gives off vapour from ^ts surface at all temperatures 
and this vapour behaves like a gas and exeits pressure. 

Also when sufficient liquid is pre*ient to saturate a closed 
«pace with its vapour, the pressure of the vapour attains a maxi- 
mum value, which is constant for a given liquid at a given temp. 

The maximum pressure of water vapour at a temperature can 
be iiriea<;ure(l by introducing a sufficient quantity of water into the 
torricelH?<n space of a barometer tube and noting the diminution 
in the height of mercury caused by the pressure of the water 
vapour formed, (See Glaeebrook, flcut Expt ^6.) 

The condition of boiling is that^tlie fl^;ssuie of the valour arising 
from it is equal to the superincumbent pressuie above the liquid. It 
thus follows that the water m.-iy bo made to boil at differeni temps, 
by varying the pressure above it. (See GhiBebrook, Heat Expt. 37.) 

8. The velocity of sound in air c »n be dciermlnoJ indircctlv 
frO'n the experiment of Resonant air column. (See De. Sound 
Arts 74-15)- 

In the case of an open pipe soiin tin r its fundamental, we have 
V « 2tll 

where V is the vel of sound, n is the ?i*^quency of the note and L 
the length of the tube. 

Hence 322 = 2XiiXi. 

Or n 160, 

qi For the laws of vibr«ition,of a s mometcr string and their 

verification; See De Sound Art 60. 

* « 
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SECOND PAPER-1916. . 

\ 

1. The index of refr;9Ction of a substance is a constant 
measured by the ratio of the sine of the an^le of incid#*nce to 
the sine of the angle of refraction, when a ray passes from vacuum 

• to that substance. {See Glazehropk^ Light Art, jj), 

A ray can always pass from a rarer to a denser medium but 
the converse is not always true. When a ray in a denser medium 
strikes the surface of separation at an angle greater than the 
critical angle for the media concerned, it is not refracted out but 
is totally internally refined. (See Glazehrook Lights Arts J7 38), 

A rod partially dipped in water has the appearance of being 
heni at the place of immersion in water. (For diagralb, See 
Glaeebrook, Light Fig, 34), ^ ’ 

2. A simple form of spectroscope consists of 

(1) A prism table. 

(2) A collimator with an adjustable slit. 

(3) An observing Telescope. 

(See Glazehrook Light Art to^. 

The spectra which are commonly obtained may be divided into 
three classes— 

1 . Spcc'trum of an inftndcsent liquid or solid— this is a con- 
tinuous band extending from red towards the violet as the temp, 
of the substance i«i gradually raised. The spectra of lime light or 
of an incandesent lamp etc. are examples of this. 

2. Line spectra— the spectra of incandesent gases are not 
continuous ; they simply consist of two or more bright liftes, 
separated from one another, eg. Hydrogen presents a line in the 
the red, another in green, and a third in the violet part of the 
spectrum. 

3. Absorption spectra — This kind occurs when a spectrum 
is interspersed by dark lines or spaces due to absorption of some 
of the rays during their passage through an intervening^ medium^ 
The solar spectrum is an example of this kind and it contains many 
dark (absoipiion) lines. (See Glazehrook^ Light, Arts tiT^ig), 

3. See answer to Q. J-//-/2. ' 

4. For the description and diagram of a compound microscope 
•^See Glazehrooky Light, Art \ot^ 

5. The laws of action between magnet poles are simply that 
like poles repel and unlike poles attract and the force exerted 
between two magnets m and m' and separated by a distance r Is 
mn/\r^ 
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The woik done is measured by the product of the force and 
7 th e distance through which its point of application moves in the 
•diiection of the force. 


Energy is the capacity for doing work. A body in motion is 
-able to do work against an opposing force until it comes to rest. 
A body may also possess energy in virtue of its position or of the 
configuration of its parts. 'I hus a body at a height can do woik 
when allowed to fall down ; again a compressed string in a clock 
supplies the energy of driving the clock. 

For transformation of energy and conservation of energy see 
answers to Q, i-Lii and Q, 4-1 12. 

2. In the formula for the oscillation of a simple pendulnm, 

■VIZ., 


/ = 27(y/ 1 


t is the period of occiltation, r.e. the time taken by the 
pendulum to complete one full oscillation, or the shoitest time taken ^ 
to come back to its initial position in the same phase of its motion. 


I is the length of the pendulum measured form the point 
of suspension to the point of oscillation which is approximately 
given by the centre of gravity of the bob. 


g is the acceleration due to gravity, measi^red in cms. 
vper sec per sec. ( approx. valuCi 980 ) or in feet per sec*. ( approx 
'Value, 32. ) 


TT is 3'>4»5- 

^ In the example given, 

t = 60/9S sec. 

and g = 980 cms. per sec per sec. 

Substituting Fn the formula given above for i, 
we have 60/98 = 2Tr^ I jgSo 
, , 98x60x60 __ 4500 

whence / “'^-X98x4x 9*87 49X9*87' 

Now log. 49 »1’690 
log. 9-87 = *994 
2'684 

log. 4500 == 3;653 

s anti log. 9*3a 

/ = 9-30 cm. 
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3. For Archimedes’ Principle— see Ttxi hook. 

To distinguish a metal from its alloy see the answer to* 
Q. 3-1-12. 

For the determination of specific gravity of a liquid see 
Prac. Phy^ics^pago 103. 

4. Here as the gas expands under constant tqmp., we can 
apply Boyle's Law, viz. 

PV = P'V’ 

Here 750XV = P'x( VS V ). 

Whence P’ = 500 m.m. 

The result may be verified^ by using a Boyle’s I. aw appa- 
ratus f as is commonly used in the laboratory ( for figure see De . — 
Prac, Physics Fig. 57, page / /j. ) in which a quantity of dry 
air is enclosed. 

Let the atmospheric pressure ^s obtained from a barometer 
be Adjust the position of the open tube so that the difference 
in the mercury levels in the closed and the open arms=the diffe- 
rence between the atmos. press tt and the reqd. pressure 750. ^ 

Now the pressure of the enclosed air is 750. At this stage, 
note the length / of the enclosed air. 

Lower the open arm until the new Icilgth,= r6x/ ; as 
the tubes a^e of uniform cross section the change of volume is 
proportional. Now determine the pressure of the gas. 

5. In the example given let t be the final temp. 

Then, heat given out by 10 gms. of water in falling from 
70^ to/ = iox(70— 0. 

Heat absorbed by 5 grms. of water at o'’C in rising ta- 
PC = 5x1 /— o ) (I) 

Heat absorbed by calorimeter and stirrer 

= vsxt (2) ‘ 

But heat lost = heat gained. 

iox(7o— /) = 1*3 f-¥s L, whence / = 42^9 C ' 

In the second case, in addition to (i) and (2) above, we 
have to take account of the heat absorbed hv 5 grms. of ice at oPO 
in being converted to water at o^C. and thia is 

^ =5x79=395 

Hence iox(7o-/)=6-3/+39S. 

Whence /= i8®7C. 
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6. For distinction between real and apparent expansion of a 
liquid— See Glasebrook. Heat. Art 7^, 

In the example given, we have 

‘ Vt=Vo(i+70 

. Here Vo=icc., <=ipo®C and 7=1/5550 
V t= 1*0182 approx* 

Of this volume, the portion 0*0182 occupies the bore of the 
tube and is of length o*oi82/*ooi t.e. 18*2 cms. from the bulb of 
the tube. (The expansion of glass is here neglected.) 

7* A liquid gives off vapour from tts surface at all temperatures 
and this vapour behaves like a gas and exerts pressure. 

Also, when sufficient liquid is present to saturate a closed 
<«pace with its vapour, the pressure of the vapour attains a maxi- 
mum value, which is constant for a given liquid at a given temp. 

The maximum pressure of water vapour at a temperature can 
be measured by introducing a sufficient quantity of water into the 
torricellian space of a barometer tube and noting the diminution 
in the height of mercury caused by the pressure of the water 
vapour formed. {See Glazebrook, Heat. Expt j6.) 

The condition of boiling is that the pressure of the vapour arising 
from it is equal to the superincumbent pressure above* thef liquid. It 
thus follows that the water mav be made to boil at different temps, 
by vaiying the pressure above it, (See Glazebrook^ Heat Expt. 37.) 

8. The velocitv of sound in air c'in be determined indirectly 
from the experiment of Resonant air column. (See De. Sound 
Arts 74-75)- 

In the case of an open pipe soundin,' its fundamental, we have 
V - 2nl 

where V is the vcl of sound, n is the frequency of the note and I 
the Itogth of the tube. 

Hence 322=2x11x1. 

Or n = 160. 

9. For the laws of vibration of a s mometer string and their 
verification; See Sound Art 60. 
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SECOND PAPER -1916. 

1. The index of refraction of a substance is a constant 
measured by the ratio of the sine of the angle of incidence to 
the sine of the angle of refraction, when a ray passes from vacuum 
to that substance. {See Glazehrook^ Light Art, 

A ray can always pass from a rarer to a denser medium but 
the converse is not always true. When a ray in a denser medium 
strikes the surface of separation at an angle greater than the 
critical angle for the media concerned, it is not refracted out but 
is totally internally reflected. {See Glasehrook Lights Arts jy 38), 

A rod partially dipped in water has the appearance of being 
bent at the place of immersion in water. (For diagram, See 
Clazehrook^ Light Fig, 34). 

2. A simple form of spectro<«cope consists of — 

(1 ) A prism table. 

(2) A collimator witbsfh adjustable slit. 

(3) An observing Telescope. 

{See Glasehrook Light Art 104), 

The spectra which are commonly obtained may be divided into 
three classes— 

1. Spectrum of an incandesent liquid or solid— this is a con- 
tinuous band extending from red towards the violet as the temp, 
of the substance is gradually raised. The spectra of lime light or 
of an incandesent lamfi etc. are examples of this. 

2. Line spectra— the spectra of incandesent gases are not 
continuous , they simply consist of two or more bright liues^ 
separated from one another, eg. Hydrogen presents a line in the 
the red, another in green, and a third in the violet part of the 
spectrum. 

3. Absorption spectra — This kind occurs when a spectrum 
is interspersed by dark lines or spaces due to absorption of some 
of the rays during their passage through an intervening medium 
The solar spectrum is an example of this kind and it contains many 
dark (absorption) lines. {See Glasehrook, Lights Arts 

3. See answer to Q, 3*lFi2. 

4. For the description and diagram of a compound microscope 

^See Glasehrook^ Light. Art loi. f 

5. The laws of action between magnet poles are simply that 
like poles repel and j|nlike poles attract and the force exerted 
between two magnets m and m' and separated by a distance r Is 

9 ttm*lr^ 
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In the example, given, we have 
24 = 


And 

^vl^ence 
Again, in the 


9n tn 
" k>~ 

^ 8/3 
second case 


or 


4 

mm/ . 

r = = 1.07 dynes, approx. 

6. As the rod given here is of soft iron, it can only be mag- 
'netised by putting it inside a cod of wire carrying a current ; as 
long as the current passes, the rod is strongly magnetised but in 
the absence of the magnetising force it can retain very little of its 
magnetism. 

The nature of the induced polarity can be tested by the 
action of one end of a rod on the N-pole of a magnet needle 
brought near to it. 

In the Electric method, if the direction of the current in the 
turn of wire at one end is clockwise that end is seen *to acquire a 
soiith seeking polariiy. In the case where the direction of the 
current is anti- clockwise the end attains a north<seeking polarity. 

. When a magnet is used as the magnetising agent the induced 
polarity at one end of the rod where the bar le*-vves it, is opposite 
to that in the end of the bar nearest the rod. (Also See the amicer 
to Q 6-//-II). 

7. For the action of (a) the electrophorus and (h) the gold-leaf 
electroscope. (See Payees pp^ ^7-9/.) 

8. tfl) When A is charged positively, it induces negative 
on the face of B nearest to A while free positieve charge travels 
to the outer side of b and causes the leaves of the electroscope 
to diverge. 

(h) When A is momentarily connected to B the capacity 
of the system is very much diminished, the condensing arrangement 
being absent. As the charge remains the same, its potential is in- 
creased, which is indicated by the greater divergence of the leaves. 

(c) When B is momentarily earth-connected- free positive 
charge on it escapes to the earth, and the leaves of the electroscope 
•collapse. 
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{d) When A is made to approach B further induction^ 
takes place and the leaves of the electroscope diverge with free- 
positive charge as in case (a). 

(e) Whei^ a slab of glass is interposed between the two^ 
the capacity of the system indreases and the charge remaining the 
samei the potential decreases and the divergence is diminished. 

9. The laws of Electrolysis are summed up in the formula 
v=sgci according to^which w, the wt. of the ion deposited at the 
'cathode, varies with the strength of the current' c, the time of 
action t and the elcctro-chemical equivalent z of the ion liberated. 
(See Poyser, page 27^.) 

In an ordinary Voltaic cell, consisting* of a copper plate, 
an amalgamated ^inc rod and dilute sulphuric acid, the current 
generated soon falls in intensity due to what is called polarisation 
in the cell. Hydrogen bubbles arising out of the action of acid 
on the zinc accumulate on the copper plate and weakens the 
current by 

(1) Offering resistance tc its passage as gases are very 
bad electric conductors. 

(2) By setting up an opposite E. M. F, due to which a 
current passes from Hydrogen bubbles towards the zinc. ( See 
Pqyser, page igo, ) 

10. For a 'complete answer {See Poyser^ page 240 Expt. 164.) 

11. A current is said to be induced in a coil when it i& 
generated in the coil owing to the presence of a current in a neigh- 
bouring coil or due to a magnet placed near it. 

For typical experiments (see Poyser^ page 2^5-tf.) 
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